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1
INHIBITORS OF HEPATITIS C VIRUS
REPLICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of pending U.S. application
Ser. No. 13/260,684, filed Dec. 19, 2011, which is the national
stage application under 35 U.S.C. 371 of International Patent
Application No. PCT/US2010/028653, filed Mar. 25, 2010,
which claims priority to U.S. Provisional Application No.
61/163,958, filed Mar. 27, 2009 and U.S. Provisional Appli-
cation No. 61/247,318, filed Sep. 30, 2009. Each of the afore-
mentioned PCT and priority applications is incorporated by
reference in its entirety.

FIELD OF THE INVENTION

The present disclosure relates to antiviral compounds that
are useful as inhibitors of hepatitis C virus (HCV) replication.
The compounds are expected to act on HCV NS5A (non-
structural SA) protein. Compositions comprising such com-
pounds, the use of such compounds for treating HCV infec-
tion and/or reducing the likelihood or severity of symptoms of
HCV infection, methods for inhibiting the function of the
NS5A non-structural protein, and methods for inhibiting
HCV viral replication and/or viral production are also pro-
vided.

BACKGROUND OF THE INVENTION

Hepatitis C virus (HCV) infection is a major health prob-
lem that leads to chronic liver disease, such as cirrhosis and
hepatocellular carcinoma, in a substantial number of infected
individuals. Current treatments for HCV infection include
immunotherapy with recombinant interferon-c. alone or in
combination with the nucleoside-analog ribavirin.

Several virally-encoded enzymes are putative targets for
therapeutic intervention, including a metalloprotease (NS2-
3), a serine protease (NS3, amino acid residues 1-180), a
helicase (NS3, full length), an NS3 protease cofactor (NS4A),
a membrane protein (NS4B), a zinc metalloprotein (NS5A)
and an RNA-dependent RNA polymerase (NS5B).

One identified target for therapeutic intervention is HCV
NS5A non-structural protein, which is described, for
example, in Seng-Lai Tan & Michael G. Katze, How Hepa-
titis C Virus Counteracts the Interferon Response: The Jury Is
Still Out on NS54, 284 Virorogy 1-12 (2001); and in Kyu-Jin
Park et al., Hepatitis C Virus NS54 Protein Modulates c-Jun
N-terminal Kinase through Interaction with Tumor Necrosis
Factor Receptor-associated Factor 2, 278(33) J. Bio. CHEMm.
30711 (2003). A non-structural protein, NS5A is an essential
component for viral replication and assembly. Mutations in
NSS5A at ornear known sites of phosphorylation can affect the
ability for high-level replication in cell-culture systems, sug-
gesting an important role for NS5A phosphorylation in viral
replication efficiency. Inhibitors of the phosphorylation of
NSS5A can lead to reduced viral RNA replication.

NS5A is a zinc metalloprotein organized into three discreet
domains. NS5A localizes to the membrane-associated site of
RNA synthesis via an N-terminal amphipathic a-helix
anchor. The crystal structure of domain I demonstrates that
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NSS5A can exist as a dimer, with a large putative RNA binding
groove located at the interface of the monomers. Timothy L.
Tellinghuisen et al., Structure of the zinc-binding domain of
an essential component of the hepatitis C viral replicase,
435(7040) Nature 374 (2005). Robert A. Love et al., Crystal
Structure of a Novel Dimeric Form of NS54 Domain I Protein
From Hepatitis C Virus, 89(3) J. ViroLogy 4395-403 (2009).
The interaction of NS5A with RNA is thought to be critical
for the function of this protein in RNA replication. No struc-
tural information has yet been obtained for domains II or I1I.
Recent genetic mapping has shown that although some resi-
dues in domain II are essential for RNA replication, many
portions of domain II and all of domain III are dispensable.
Timothy L. Tellinghuisen et al., Identification of Residues
Required for RNA Replication in Domains Il and Il of the
Hepatitis C Virus NS54 Protein, J. VRorogy 1073 (2008).
Mutations constructed within domain III result in virus that
can maintain RNA replication but that produces lower titers
of infectious virus in cell culture, demonstrating a second
distinct role for NS5A after RNA replication has occurred.
Timothy L. Tellinghuisen et al., Regulation of Hepatitis C
Virion Production via Phosphorylation of the NS54 Protein,
4(3) PLOS Patrocens e1000032 (2008); Nicole Appel et al.,
Mutational Analysis of Hepatitis C Virus Nonstructural Pro-
tein 5A: Potential Role of Differential Phosphorylation in
RNA Replication and Identification of a Genetically Flexible
Domain, 79(5) J. Virorogy 3187 (2005). NS5A, unlike the
other non-structural proteins, can be trans-complemented,
consistent with functions outside of the viral replicase. The
interaction of NS5A with numerous host-signaling pathways
has been described (Michael J. Gale Jr. et al., Evidence That
Hepatitis C Virus Resistance to Interferon Is Mediated
through Repression of the PKR Protein Kinase by the Non-
structural 54 Protein, 230 Virorogy 217 (1997); Andrew
Macdonald & Mark Harris, Hepatitis C virus NS5A: tales of
a promiscuous protein, 85 J. GEN. VIRoLOGY 2485 (2004).),
suggesting this protein may modity the host cell environment
to a state favorable for the virus, events that may require a
form of NS5A dissociated from the replication complex.

There is a clear and long-felt need to develop effective
therapeutics for treatment of HCV infection. Specifically,
there is a need to develop compounds that are useful for
treating HCV-infected patients and compounds that selec-
tively inhibit HCV viral replication.

SUMMARY OF THE INVENTION

The present disclosure relates to novel compounds of for-
mula (I) and/or pharmaceutically acceptable salts, hydrates,
solvates, prodrugs or isomers thereof. These compounds are
useful, either as compounds or their pharmaceutically accept-
able salts (when appropriate), in the inhibition of HCV (hepa-
titis C virus) NS5A (non-structural 5A) protein, the preven-
tion or treatment of one or more of the symptoms of HCV
infection, the inhibition of HCV viral replication and/or HCV
viral production, and/or as pharmaceutical composition
ingredients. As pharmaceutical composition ingredients,
these compounds, which includes reference to hydrates and
solvates of such compounds, and their salts may be the pri-
mary active therapeutic agent, and, when appropriate, may be
combined with other therapeutic agents including but not
limited to other HCV antivirals, anti-infectives, immuno-
modulators, antibiotics or vaccines.

More particularly, the present disclosure relates to a com-
pound of formula (I):
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v is from O to 4,

o)) each R* is independently chosen from the group con-
sisting of hydrogen, —OH, C, salkyl and C; ¢cy-
cloalkyl;

each R**is independently chosen from the group con-

G—E—DD—E—G 5
sisting of hydrogen, C, salkyl and C, _scycloalkyl;

R! and R? may be taken together with
and/or a pharmaceutically acceptable salt thereof, wherein:

5 : ollo

to form a 5- to 9-membered carbocyclic ring containing 1 or
2 heteroatoms independently chosen from the group consist-
is chosen from the group consisting of 9-membered bicy- 15
clic aryl ring systems that contain from O to 4 heteroat-

ing of N, O and S;
oms independently chosen from the group consisting of

RN, ®?),

each D is a group independently chosen from the group
N, O and S, and that are substituted on C or N atoms by

consisting of:
u substituents R?,

(a) a single bond,
(b) —C(O)N(R®)—,

L . 20 (© —NR)C(O)—, and
eai}:gR 1§;nd§§§?§g;tlly CEZIS sgeiomii)%g}’l P CT?;II (d)a 5- or 6-membered aryl ring system D' containing from
—(CH,), CO)R? ? o Rga ¢ O’)N (R3) ’ 0to 4}h§:ter0at0ms independently chogen from the group
SR 2 0_6—8 ( O)f{3“ 7% © ,)R3“ —(CH,) » consisting of N, O and S, and substituted on C or N
PO P A 2/0-5 atoms by from 0 to 2 substituents R,
NR™),,  —NR™SOR™,  —NR™)CO,R™, 25 each R’ is independently chosen from the group consist-

—NER*CO)R?, —N(R>*)COR*, —N(R**)C(O)
N(R>%), C,_qalkyl, C,_scarbocycle containing from 0
to 3 heteroatoms chosen from N, O and S, and phenyl,
and the C,_qalkyl, C; scarbocycle and phenyl are sub-
stituted by from O to 3 substitutents independently

ing of hydrogen, halogen, —ORS, —CN, —CO,R®,
—C(ONR®),, —N(R®),, —N(R°)COR®, —SR°,
—S(O)RS, —S(0,)R%, —NR»SO,RS, —NCO,R®,
—NC(O)N(RS),, C,_salkyl substituted by from 0 to 3
R® and C,_cycloalkyl substituted by from 0 to 3 R®,

chosen from the group consisting of hydrogen, halo- 39 and

gen, —OR?*?, —CN, —CO,R**, —C(O)N(R>%),, each R® is independently chosen from the group consist-
—NR?%),, —NR>**)CO,R?**, —SR?**, —S(0O)R>*, ing of hydrogen, C,_salkyl and C,_gcycloalkyl;
—S(0,)R**, —N(R**)SO,R**, —N(R**)CO,R?*, each E is a group independently chosen from the group
—NR*)C(ON(R??), C, salkyl, —O—C,_,alkyl, s consisting of:

—S—C,_salkyl, and C; cycloalkyl,
u is from 0 to 4,

each R? is independently chosen from the group consist-
ing of hydrogen, C, salkyl, —OH, —O—C, calkyl
and C;_gcycloalkyl, and

(a) a single bond,

() —(C(R"),),..NR'C(0)O,,,—, and

(c) a pyrrolidinyl derivative chosen from the group consist-
ing of:

40
each R is independently chosen from the group con- D I I
. . ~— ~
sisting of hydrogen, C,_,alkyl and C,_scycloalkyl; N G, /G and
RSC RSC
R&z
RSC RSC
e 45 Réa T,
RSP RS® J :_(R Jo4
is a group chosen from the group consisting of
(a) —C=C—and 50
(b) aryl ring systems B' chosen from the group consist-
ing of:
(1) 5- to 7-membered monocyclic ring systems and
(i1) 8- to 10-membered bicyclic ring systems, 55

and the aryl ring systems B' containing from 0 to 4
heteroatoms independently chosen from the group
consisting of N, O and S, and substituted on C or N
atoms by v substituents R?,

1 is a bivalent group chosen from —C(O)—, —CO,—
and —C(O)NR")—,

Jis afused ring system chosen from the group consisting
of 3- to 7-membered carbocycles and 5- or 6-mem-

each R? is independently chosen from the group con- 60 bered aryl rings containing from 0 to 4 heteroatoms
sisting of hydrogen, halogen, —OR*?, —CN, independently chosen from the group consisting of N,
—CO,R*™, —C(O)R*, —C(O)NR*),, O and S, and substituted on C or N atoms by substitu-
—N(R*),, —N(R*)COR*, —N(R*)CO,R*, ents R,
—NR*)C(O)N(R*), —N(R**)SO,R**, —SR*, each R® is independently chosen from the group con-
—S(O)R*, —S(0,)R*, C,_salkyl substituted by 65 sisting of hydrogen, halogen, —OH, —OC, alkyl

from 0 to 4 R* and C,_scycloalkyl substituted by
from 0 to 4 R*,

and C,_salkyl, or two R®* may be taken together to
form oxo,
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each R®” is independently chosen from the group con-
sisting of hydrogen, halogen, —OH, —OC, .alkyl
and C,_qalkyl, or two R®” may be taken together to
form oxo,

each R* is independently chosen from the group con-
sisting of hydrogen and C,_salkyl,

orany two groups selected from R®*, R*” and R* may be
taken together to form a spiro-bicyclic or bridged
bicyclic ring;

each R” is independently chosen from the group consist-
ing of hydrogen, halogen, C, salkyl, —O—C, .alkyl,
—S—C, salkyl, —NH—C, salkyl and —NHC
(0)—C,_ealkyl,

each R is independently chosen from the group consisting

othydrogen, C,_salkyl and phenyl, and the C, salkyl and

phenyl are substituted by from 0 to 3 substitutents inde-

pendently chosen from the group consisting of hydro-

gen, halogen, C,_calkyl, —O—C, calkyland—S—C, ¢

alkyl; and

each G is independently chosen from the group consisting
of:

(a) hydrogen,
(b) 7OR10a,
(C) 7CN5

(d) —CO,R*9,
(€) —C(ONR'),,
(f) 7SR10a,
(2) —S(O)R™,
(1) —S(0,)R™,
(i) —NR),,
() —NR'*)SO,R™,
(k) —NCO,R*?,
() —NC(O)N(R™),,
(m) C,_salkyl having O to 4 substituents R*!,
each R'! is independently chosen from the group con-
sisting of:
(i) —OH,
(i) —NR'),,
(iii) =NR'°,
(iv) —O—C, _¢ alkyl,
(v) —C(O)R™,
(vi) —S—C, ¢ alkyl,
(vil) —SO,—C, 4 alkyl,
(viii) 3- to 8-membered carbocycles containing from
0 to 3 heteroatoms independently chosen from the
group consisting of N, O and S, and having from 0
to 3 substitutents R'* on N or C atoms, and each R**
is independently selected from the group consist-
ing of hydrogen, halogen, C,_calkyl having from 0
to 3 substituents chosen from R'°, —0O—C,_salkyl,
—S—C,_qlkyl, —OR!% —CN, —C(O)R',
—CO,R'" —C(O)NR'),, —SR'"?, —S(0)
RlOa, 78(02)R10a, 7N(R10)802R10a,
—NCO,R"* —NC(O)N(R'®), and —N(R"'°),, or
two R'? are taken together to form oxo, and
(ix) 5- or 6-membered aryl containing from O to 3
heteroatoms independently chosen from the group
consisting of N, O and S, and having from 0 to 3
substitutents R'? on N or C atoms, and each R'? is
independently selected from the group consisting
of hydrogen, halogen, C, salkyl, —O—C, salkyl
and 3- to 8-membered carbocycles containing from
0 to 3 heteroatoms independently chosen from the
group consisting of N, O and S,
(n) 3- to 8-membered carbocycles containing from 0 to 3
heteroatoms independently chosen from the group con-
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6

sisting of N, O and S, and having from 0 to 3 substi-
tutents R'° on N or C atoms; and

(0) aryl ring systems G' chosen from the group consisting

of:

(1) 5- to 7-membered monocyclic ring systems and

(ii) 8- to 10-membered bicyclic ring systems,

and the aryl ring systems G' containing from 0 to 4
heteroatoms independently chosen from the group
consisting of N, O and S, and substituted on C or N
atoms by 0 to 3 substitutents R*°;

each R'? is independently chosen from the group consist-

ing of
(1) hydrogen,
(i) —CN,
(iii) C,_salkyl,
(iv) —O—C,_salkyl,
(v) —S—C,_salkyl,
(vi) C,_salkyl-O—R*,
(vii) —C(O)R™,
(viii) —CO,R*™,
(ix) —SO,R™,
(x) —N(R™),,
(xi) —N(R')SO,R",
(xii) —NCO,R"™,
(xiii) —NC(O)N(R'*),, and
(xiv) 3- to 8-membered carbocycles containing from O to
3 heteroatoms independently chosen from the group
consisting of N, O and S,
or two R*® may be taken together to form oxo;
each R'°“ is independently chosen from the group consist-
ing of
(1) hydrogen,
(i) —CN,
(iii) C,_alkyl,
(iv) C, salkyl-O—R',
(v) —C(O)R™,
(vi) —CO,R™,
(vii) —SO,R'™,
(x) —NR™),,
(xi) —N(R')SO,R",
(xii) —NCO,R**,
(xiii) —NC(O)N(R'*),, and
(xiv) 3- to 8-membered carbocycles containing from O to
3 heteroatoms independently chosen from the group
consisting of N, O and S,
and two R'® or R'“ groups can be taken together with the
N to which they are attached to form a ring, which may
be substituted by from 0 to 3 substituents R'*, and
each R'* is independently chosen from the group con-
sisting of hydrogen, C, salkyl, C; scycloalkyl,
—(CH,)y.5C5_gcycloalkyl and phenyl.

The present invention also includes pharmaceutical com-
positions containing a compound of the present invention and
methods of preparing such pharmaceutical compositions.
The present invention further includes methods of treating or
reducing the likelihood or severity of HCV infection, meth-
ods for inhibiting the function of the NS5A protein, and
methods for inhibiting HCV viral replication and/or viral
production.

Other embodiments, aspects and features of the present
invention are either further described in or will be apparent
from the ensuing description, examples and appended claims.

DETAILED DESCRIPTION OF THE INVENTION

The present invention includes compounds of formula (I)
above, and pharmaceutically acceptable salts thereof. The
compounds of formula (I) are HCV NS5A inhibitors.
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A first embodiment of the invention relates to compounds v is from 0 to 4,
having structural formula (I): each R*is independently chosen from the group con-
sisting of hydrogen, —OH, C, salkyl and C; ¢cy-
cloalkyl;
each R**is independently chosen from the group con-
sisting of hydrogen, C, salkyl and C, _scycloalkyl;
R! and R? may be taken together with

‘ O=C)

to form a 5- to 9-membered carbocyclic ring containing 1 or
2 heteroatoms independently chosen from the group consist-
ing of N, O and S;

each D is a group independently chosen from the group
consisting of:

M s
(RY,

OO

and/or a pharmaceutically acceptable salt thereof, wherein:

®

is chosen from the group consisting of 9-membered bicy-

®?),

—_
w

clic aryl ring systems that contain from O to 4 heteroat-

oms independently chosen from the group consisting of

N, O and S, and that are substituted on C or N atoms by

u substituents R*,

each R! is independently chosen from the group consist-
ing of hydrogen, halogen, —OR?**, —CN, —C(O)R?,

20

(a) a single bond,

(b) —C(O)N(R®)—,

() —N(R>*C(0)—, and

(d)a 5- or 6-membered aryl ring system D' containing from
0to 4 heteroatoms independently chosen from the group
consisting of N, O and S, and substituted on C or N
atoms by from O to 2 substituents R>,
each R® is independently chosen from the group consist-

—CO,R?*, —C(O)N(R?*),, —SR?**, —S(O)R?, 25 :

_g (02 )R3“ 7((C£ )( Ngf{&,) N (R3“)S(O)R3“ ing of hydr06gen, haloge6n, —ORS, 6—CN, 6—C02R:,
N R23a Cé R3a 2 0_?\1 R3a (2:,0 R3 N2R3a, 7C(O)N(R )25 7N(R )25 7N(R )COR El —SR s

—NR*)COR,  —NR*COR?,  —N(R>) —S(O)R®, —S(0,)R®, —N(R®SO,R®, —NCO,R?,

COR?**, —N(R*C(O)N(R??), C,_salkyl, C, qcar-
bocycle containing from 0 to 3 heteroatoms chosen
from N, O and S, and phenyl, and the C, salkyl,
C,_gcarbocycle and phenyl are substituted by from 0O
to 3 substitutents independently chosen from the
group consisting of hydrogen, halogen, —OR>,
—CN, —CO,R**, —C(ONR?*?),, —N(R*?),,
—NR>*CO,R**, —SR**, —S(0)R>*, —S(0,)R**,
—N(R3*)SO,R**, —N(R**)CO,R?**, —N(R>**)C(O)
NR3?*¥), C,_qalkyl, —O—C, calkyl and —S—C,
alkyl,

u is from O to 4,

each R? is independently chosen from the group consist-
ing of hydrogen, C, salkyl, —OH, —O—C, salkyl
and C;_gcycloalkyl, and

each R*“ is independently chosen from the group con-
sisting of hydrogen, C, salkyl and C,_gcycloalkyl;

is a group chosen from the group consisting of
(a) —C=C—and
(b) aryl ring systems B' chosen from the group consist-
ing of:
(1) 5- to 7-membered monocyclic ring systems and
(i1) 8- to 10-membered bicyclic ring systems,
and the aryl ring systems B' containing from 0 to 4
heteroatoms independently chosen from the group
consisting of N, O and S, and substituted on C or N

30

35

40

45

50

55

—NC(O)N(RS),, C,_salkyl substituted by from 0 to 3
R® and C,_cycloalkyl substituted by from 0 to 3 R®,
and
each R® is independently chosen from the group consist-
ing of hydrogen, C, salkyl and C,_gcycloalkyl;
each E is a group independently chosen from the group

consisting of:

(a) a single bond,

() —(C(R"),),..NR'C(0)O,,,—, and

(c) a pyrrolidinyl derivative chosen from the group consist-
ing of:

T ——®u

1 is a bivalent group chosen from —C(O)—, —CO,—
and —C(O)NR")—,

Jis afused ring system chosen from the group consisting
of 3- to 7-membered carbocycles and 5- or 6-mem-

atoms by v substituents R?, 60 bered aryl rings containing from 0 to 4 heteroatoms
each R? is independently chosen from the group con- independently chosen from the group consisting of N,

sisting of hydrogen, halogen, —OR™, —CN, O and S, and substituted on C or N atoms by substitu-

—CO,R*, —C(O)N(R*),, —N(R*),, —N(R*) ents R,

COR?*, —NR*)CO,R*, —NR*)C(O)N(R*), each R® is independently chosen from the group con-

—N(R*)SO,R*™, —SR*™, —S(O)R**, —S(0,) 65 sisting of hydrogen, halogen, —OH, —OC, alkyl

R**, C,_salkyl substituted by from 0 to 4 R* and
C,_gcycloalkyl substituted by from 0 to 4 R*,

and C,_salkyl, or two R®* may be taken together to
form oxo,
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each R®” is independently chosen from the group con-
sisting of hydrogen, halogen, —OH, —OC, .alkyl
and C,_qalkyl, or two R®” may be taken together to
form oxo,

each R* is independently chosen from the group con-
sisting of hydrogen and C,_salkyl,

orany two groups selected from R®*, R*” and R* may be
taken together to form a spiro-bicyclic or bridged
bicyclic ring;

each R” is independently chosen from the group consist-
ing of hydrogen, halogen, C, salkyl, —O—C, .alkyl,
—S—C, salkyl, —NH—C, salkyl and —NHC
(0)—C,_ealkyl,

each R is independently chosen from the group consisting

othydrogen, C,_salkyl and phenyl, and the C, salkyl and

phenyl are substituted by from 0 to 3 substitutents inde-

pendently chosen from the group consisting of hydro-

gen, halogen, C, calkyl, —O—C, salkyl and —S—

C, salkyl; and

each G is independently chosen from the group consisting

.(a) hydrogen,
(b) 7OR10a,
(C) 7CN5

(d) —CO,R*9,
(€) —C(ONR'),,
(f) 7SR10a,
(2) —S(O)R™,
(1) —S(0,)R™,
(i) —NR),,
() —NR'*)SO,R™,
(k) —NCO,R*?,
() —NC(O)N(R™),,
(m) C,_salkyl having O to 4 substituents R*!,
each R'! is independently chosen from the group con-
sisting of:
(i) —OH,
(i) —NR'),,
(iii) =NR'°,
(iv) —O—C, _¢ alkyl,
(v) —C(O)R™,
(vi) —S—C, ¢ alkyl,
(vil) —SO,—C, 4 alkyl,
(viii) 3- to 8-membered carbocycles containing from
0 to 3 heteroatoms independently chosen from the
group consisting of N, O and S, and having from 0
to 3 substitutents R'* on N or C atoms, and each R**
is independently selected from the group consist-
ing of hydrogen, halogen, C,_calkyl having from 0
to 3 substituents chosen from R'°, —0O—C,_salkyl,
—S—C,_qlkyl, —OR!% —CN, —C(O)R',
—CO,R'" —C(O)NR'),, —SR'"?, —S(0)
RlOa, 78(02)R10a, 7N(R10)802R10a,
—NCO,R"* —NC(O)N(R'®), and —N(R"'°),, or
two R'? are taken together to form oxo, and
(ix) 5- or 6-membered aryl containing from O to 3
heteroatoms independently chosen from the group
consisting of N, O and S, and having from 0 to 3
substitutents R'? on N or C atoms, and each R'? is
independently selected from the group consisting
of hydrogen, halogen, C, salkyl, —O—C, salkyl
and 3- to 8-membered carbocycles containing from
0 to 3 heteroatoms independently chosen from the
group consisting of N, O and S,
(n) 3- to 8-membered carbocycles containing from 0 to 3
heteroatoms independently chosen from the group con-
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10

sisting of N, O and S, and having from 0 to 3 substi-
tutents R'° on N or C atoms; and

(0) aryl ring systems G' chosen from the group consisting

of:

(1) 5- to 7-membered monocyclic ring systems and

(ii) 8- to 10-membered bicyclic ring systems,

and the aryl ring systems G' containing from 0 to 4
heteroatoms independently chosen from the group
consisting of N, O and S, and substituted on C or N
atoms by 0 to 3 substitutents R'°;

each R'? is independently chosen from the group consist-
ing of
(1) hydrogen,
(i) —CN,
(iii) C,_salkyl,
(iv) —O—C_gsalkyl,
(v) —S—C,_salkyl,
(i) C,_salkyl-O—R'%,
(vii) —C(O)R*,
(viii) —CO,R*™,
(ix) —SO,R™,
(x) —NR'™),,
(xi) —N(R'SO,R™,
(xii) —NCO,R™,
(xiii) —NC(O)N(R'*),, and
(xiv) 3- to 8-membered carbocycles containing from O to

3 heteroatoms independently chosen from the group
consisting of N, O and S,

or two R'® may be taken together to form oxo;
each R'°“ is independently chosen from the group consist-
ing of
(1) hydrogen,
(i) —CN,
(iii) C,_salkyl,
(iv) C, salkyl-O—R',
(V) —C(OR™,
(vi) —CO,R™,
(vii) —SO,R',
() —NR™),,
(xi) —N(R*)SO,R™,
(xii) —NCO,R™,
(xiii) —NC(O)N(R'*),, and
(xiv) 3- to 8-membered carbocycles containing from O to

3 heteroatoms independently chosen from the group
consisting of N, O and S,
and two R'° or R*® groups can be taken together with the
N to which they are attached to form a ring, which may
be substituted by from 0 to 3 substituents R'*, and
each R'* is independently chosen from the group consist-
ing of Thydrogen, C, qalkyl, C;scycloalkyl,
—(CH,)y.5C5_gcycloalkyl and phenyl. In this embodi-
ment, all other groups are as provided in the general
formula above.

In a second embodiment of the invention,

®
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is chosen from the group consisting of

X
IS
®R

o4
X
Sk

where each X is independently chosen from the group con-
sisting of CR* and N,

is chosen from the group consisting of

ci{l NR! N\ N{{I c<{1 N\
NZI, CR!, NZI, N> , o> , o> ,
0 N
5o
and S,

each R! is independently chosen from the group consisting of
hydrogen, halogen, —OR>**, —CN, —C(O)R?*, —CO,R>?,
—C(ON(R?*"),, —SR*, —S(O)R>*, —S(0,)R*,
—(CH,) NR*),, —NR*)SO,R*, —NR*CO,R™,
—NR*C(O)R?, —NR**COR**, —NR>*YC(O)N(R>?),
C, salkyl, C;_gcarbocycle containing from 0 to 3 heteroatoms
chosen from N, O and S, and phenyl, and the C, salkyl,
C,_gcarbocycle and phenyl are substituted by from 0 to 3
substitutents independently chosen from the group consisting
of hydrogen, halogen, —OR>*, —CN, —CO,R**, —C(O)N
(R3**),, —N(R>%),, —N(R**)CO,R**, —SR**, —S(O)R>*,
—S(0,)R**, —N(R**)SO,R**, —N(R**)CO,R?, —N(R>?)
C(ONR?"), C, qlkyl, —O—C, alkyl and —S—C, 4
alkyl, each R? is independently chosen from the group con-
sisting of hydrogen, C, salkyl, —OH, —O—C, alkyl and
C;_¢cycloalkyl, and each R™ is independently chosen from
the group consisting of hydrogen, C, calkyl and C, .cy-
cloalkyl. In all aspects of this embodiment, all other groups
are as provided in the general formula above or in the first
embodiment above.

In a first aspect of the second embodiment of the invention,

®

is chosen from the group consisting of

Rl
\_ ¢ N
N
i N
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-continued

where

is substituted by from 0 to 3 additional R, which are as
provided above.

In a second aspect of the second embodiment,

®

is chosen from the group consisting of

Rr!

=z



where

13

-continued

Rl
N
\ B
N %
H
N
\ B
N §
\
Rl
Rl
N
o~y 8
H
N\
| \ and
N
\
Rl
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provided above. In preferred instances of this aspect,
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where

®

is substituted by from O to 3 additional R', which are as
provided above.

In a third aspect of the second embodiment,

®

is chosen from the group consisting of

A\

Rr!

Z

A2
AN NS

/

hd

and

8
né

where

o
hd

is substituted by from O to 3 additional R', which are as
provided above. In preferred instances of this aspect,

©
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is

Rr!

G,

where

©

is substituted by from O to 3 additional R', which are as
provided above.

In further aspects of the second embodiment, each R! is
chosen from the group consisting of hydrogen, halogen,
—CNand C,_galkyl. In particular, each R is chosen from the
group consisting of hydrogen, fluorine and —CN.

In a third embodiment of the invention,

is chosen from the group consisting of —C=C—, phenyl,
pyridinyl, pyrazinyl, pyrimidyl, 1,2,4-triazinyl, pyridazinyl,
thiazyl and 9-membered bicyclic ring systems that contain
from 1 to 3 heteroatoms independently chosen from the group
consisting of N, O and S, v is from 0 to 4, each R? is indepen-
dently chosen from the group consisting of hydrogen, halo-
gen, —OR*, —CN, —CO,R*, —C(O)N(R*),, —N(R*),,
—NR*CO,R*, —SR*™, —S(OR™, —S(0,)R™,
—N(R*)SO,R*, —N(R*)CO,R*, —N(R**)C(O)N(R*),
C, salkyl substituted by from 0 to 4 R* and C,_cycloalkyl
substituted by from 0to 4 R*, each R* is independently chosen
from the group consisting of hydrogen, —OH, C, _salkyl and
C,_qcycloalkyl, and each R* is independently chosen from
the group consisting of hydrogen, C, calkyl and C, .cy-
cloalkyl. In particular aspects of this embodiment,

is phenyl, v is from 0 to 2, and each R? is independently
chosen from the group consisting of fluorine, chlorine, —OH,
—CH,, —OCH; and —CN. In all aspects of this embodi-
ment, all other groups are as provided in the general formula
above and/or in the first or second embodiments.

In a fourth embodiment of the invention,

@ and ,

taken together with one substituent R' and one substituent R?,
are represented by a group chosen from the group consisting
of:
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where W is chosen from the group consisting of
7(CH2)1—375 7(CH2)O—2NH(CH2)O—275 7(CH2)0—2
N(C,_salkyD(CHy)o.—  —(CH:)o,O(CHy)p—  and
—(CH,)o.,C(O)CH,)o.,— where W is substituted by from
0 to 4 R", where each R" is independently selected from
C, _salkyl and C, ¢cycloalkyl; and V is chosen from the group
consisting of —C(O)— and —CH,—, and where V is
—CH,—, Vis substituted by from 0 to 2 R", where each R" is
independently selected from the group consisting of
C, _salkyl and C;_gcycloalkyl. In a first aspect of this embodi-

ment,
@ and ,

taken together with one substituent R and one substituent R?,
are represented by a group chosen from the group consisting
of
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-continued
1

R®Ros3 -

In particular instances of this embodiment, and of the first
aspect of this embodiment, W is chosen from the group con-
sisting of —CH,—, —NH—, —N(C,_;alkyl)-, —C(O)—,
—CH,NH—, —CH,N(C, _salkyl)-, —CH,CH,—, —C(O)

CH,—, —CH,C(0)—, —CH,0—, —CH,CH,CH,,
—C(O)CH,CH,—, —CH,C(O)CH,—, —CH,0CH,—,
— CH,CH,C(0)—, —CH,CH,0—, —CH,CH,NH

—CH,CH,N(C, salkyl)-, —CH,NHCH,—, —CH,N(C,
alky)CH,—, —NHCH,CH,—, and —N(C, salkyl)
CH,CH,—. In all aspects of this embodiment, all other
groups are as provided in the general formula above.

In a fifth embodiment of the invention, each D is indepen-

dently chosen from the group consisting of a single bond,
—C(ON(R®)—, —NR’C(0)—,

AP AY

where R® is independently chosen from the group consisting
of hydrogen, halogen —OR®, —CN, —CO,R®, —C(O)N
(R%,, —N(R%),, —N(RCOR’, —SR® —S(O)R®, —S(0,)
RY, —N(R®SO,R®, —NCO,R®, —NC(O)N(R),, C, salkyl
substituted by from 0 to 3 substituents R° and C,_cycloalkyl
substituted by from 0 to 3 substituents R, and each R® is
independently chosen from the group consisting of hydrogen,
C, salkyl and C, gcycloalkyl. In particular aspects of this
embodiment, each D is independently chosen from the group
consisting of

In this embodiment, all other groups are as provided in the
general formula above and/or in the first through fourth
embodiments.
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In a sixth embodiment of the invention, each E is indepen-
dently chosen from the group consisting of a single bond,
—CH,NHC(O)—, —CH,N(CH,)C(0)—, —C(CH,)
HNHC(O)—, —C(CH;)HN(CH,)C(O)—, —C(CH,),NHC
(©)— —C(CH,),N(CH,)C(O)—, —CH,NHC(0)0—,
—CH,N(CH,)C(0)0—, —C(CH;)HNHC(0)O—,
—C(CH;)HN(CH;)C(0)0O—, —C(CH,;),NHC(0)O—,
—C(CH,),N(CH,)C(0)0—,

(@] (@]
D )\GD )\\O
siRsiy

N
(6]
) -

where one of R® and R®” is —OH or fluorine. In a first aspect
of'this embodiment, each E is independently chosen from the
group consisting of a single bond,

(@] (@]
b b
siNsia

N
(6]
-

where one of R® and R®” is —OH or fluorine. In all aspects of
this embodiment, all other groups are as provided in the
general formula above and/or in the first through fifth
embodiments.

In some embodiments, adjacent D and E groups each may
be selected to be a single bond. In such embodiments, D and
E are combined to be one single bond, and all other groups are
as provided in the general formula above and/or in the first,
second, third and fourth embodiments. That is, where D is a
single bond and the adjacent E is a single bond,

ONO

is connected directly to G by one single bond.

In a seventh embodiment of the invention, each G is inde-
pendently chosen from the group consisting of:

(a) C,_4alkyl having O to 4 substituents R*!,

(b) 3- to 8-membered carbocycles containing from 0 to 3
heteroatoms independently chosen from the group consisting
of N, O and S, and having from O to 3 substitutents R'° on N
or C atoms; and
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(c) aryl ring systems G' chosen from the group consisting
of:

(1) 5- to 7-membered monocyclic ring systems and
(ii) 8- to 10-membered bicyclic ring systems,

and the aryl ring systems G' containing from 0 to 4 het-
eroatoms independently chosen from the group consist-
ing of N, O and S, and substituted on C or N atoms by 0
to 3 substitutents R'°. In all aspects of the seventh
embodiment, G is chosen such that stable compounds
result. In all aspects of this seventh embodiment, all
other groups are as provided in the general formula
above and/or in the first through sixth embodiments.

In an eighth embodiment, each G is independently chosen
from the group consisting of:

(a) hydrogen,
(b) —CN,
(c) C,_salkyl having 1 to 3 substituents R'*,

each R'! is independently chosen from the group consist-
ing of —OH, —NH,, —NCH;H, —N(CH,),,
—N(CH,CH;),, —NH, —NCH,, —C(O)H, —C(0O)
OH, —C(0O)CH;, —C(O)OCH,, —NHC(O)H, —NHC
(O)OH, —NHC(O)CH,, —NHC(O)OCH,;, cyclopro-
pyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclo-
hexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl,
where

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl and
oxacyclohexyl are substituted by from 0 to 2 substi-
tutents R*? on N or C atoms, and each R'? is indepen-
dently selected from the group consisting of hydrogen,
halogen, carboxy, C, salkyl, —O—C, qalkyl and
—S—C, _salkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substi-
tuted by from O to 3 substitutents R'*> on N or C atoms,
and each R*? is independently selected from the group
consisting of hydrogen, halogen, C, _salkyl and 3- to
8-membered cycloalkyl containing from 0 to 3 heteroa-
toms independently chosen from the group consisting of
N, Oand S,

(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyra-
nyl, pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclo-
hexyl having from 0 to 3 substitutents R*® on N or C atoms,
the R'° independently selected from the group consisting of
hydrogen, halogen, carboxy, C, calkyl, —O—C, calkyl,
—S—C, _galkyl, phenyl and benzyl, and

(e) aryl ring systems G' chosen from the group consisting
of: phenyl, pyridinyl and 9-membered bicyclic ring systems
containing from 0 to 2 heteroatoms independently chosen
from the group consisting of N and O.

In a first aspect of the eighth embodiment, G is indepen-
dently chosen from the group consisting of C, _,alkyl having
1 to 2 substituents R'*, wherein each R'! is independently
chosen from the group consisting of —OH, —NH,,
—NCH;H, —N(CH,),, —N(CH,CH,),, —C(O)OCHj,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl,
phenyl, pyridinyl, pyrimidinyl and pyrrolyl. In all aspects of
the eighth embodiment, G is chosen such that stable com-
pounds result. In all aspects of this eighth embodiment, all
other groups are as provided in the general formula above
and/or in the first through sixth embodiments.
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In a ninth embodiment of the invention,

©

is chosen from the group consisting of

X
fi/ A
®ha— | >
X .
\X Y
where

each X is independently chosen from the group consisting
of CR! and N,

is chosen from the group consisting of

CR! NR! N, NR! CR! N,

AP BRI

NR/, CR!, ONR, NN, o, o,
b

each R' is independently chosen from the group consisting
of hydrogen, halogen, —OR?*?, —CN, —C(O)R®,
—CO,R*, —C(O)N(R™),, —SR*, —S(O)R*, —S(0O,)
R, —(CHy)gNR), —N(R*)SO,R™, —N(R™)
CO,R**, —NR’*C(O)R”, —N(R’**YCOR**, —N(R**)C(O)
N(R?%), C,_qalkyl, C,_qcarbocycle containing from 0 to 3
heteroatoms chosen from N, O and S, and phenyl, and the
C, _salkyl, C;_gcarbocycle and phenyl are substituted by from
0 to 3 substitutents independently chosen from the group
consisting of hydrogen, halogen, —OR>“, —CN, —CO,R>%,
—C(ON(R™),, —N(R™),, —NR*)CO,R™, —SR*,
—S(O)R*?, —S(0,)R**, —NR>**)SO,R*?, —N(R>?)
CO,R?, —NR*)C(ON(R>?), C,_salkyl, —O—C, salkyl
and —S—C,_qalkyl,

each R? is independently chosen from the group consisting
of hydrogen, C,_calkyl, —OH, —O—C, calkyl and C; 4cy-
cloalkyl, and

each R>? is independently chosen from the group consist-
ing of hydrogen, C, salkyl and C; ;cycloalkyl;

is chosen from the group consisting of —C=C—, phenyl,
pyridinyl, pyrazinyl, pyrimidyl, 1,2,4-triazinyl, pyridazinyl,
thiazyl and 9-membered bicyclic ring systems that contain
from 1 to 3 heteroatoms independently chosen from the group
consisting of N, O and S,
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v is from O to 4,

each R? is independently chosen from the group consisting
of hydrogen, halogen, —OR**, —CN, —CO,R**, —C(O)N
(R*),, —N(R*),, —N(R*)CO,R*, —SR*, —S(O)R*,
—S(0,)R*, —N(R*)SO,R*, —N(R**)CO,R*, —N(R*")
C(O)N(R*), C,_qalkyl substituted by from 0 to 4 R* and
C,_gcycloalkyl substituted by from 0 to 4 R*,

each R*is independently chosen from the group consisting
of hydrogen, —OH, C,_calkyl and C,_gcycloalkyl, and

each R** is independently chosen from the group consist-
ing of hydrogen, C, salkyl and C,_gcycloalkyl;

wherein each D is independently chosen from the group
consisting of a single bond, —C(O)N(R’)—, —NR>C(0)—,

Z—
Zj'rr,

—

0
&5

=

S

Z

=3

Z
Z— E_ |
Zmm

z=

Z 2

where

R? is independently chosen from the group consisting of
hydrogen, halogen —ORS, —CN, —CO,RS, —C(O)N
(R%),, —N(R),, —N(R%COR®, —SR®, —S(O)R®,
—S(0,)R®, —N(R%SO,R®, —NCO,R®, —NC(O)N
(R9),, C,_salkyl substituted by from 0 to 3 substituents
R® and C,_scycloalkyl substituted by from 0 to 3 sub-
stituents R®, and

each R® is independently chosen from the group consisting
ofhydrogen, C,_salkyl and C; ¢cycloalkyl;

wherein each E is independently chosen from the group
consisting of a single bond, —CH,NHC(O)—, —CH,N
(CH;)C(O)—, —C(CH;)HNHC(O)—, —C(CH;)HN(CH;)
C(0)—, —C(CH,),NHC(O)—, —C(CH,),N(CH,)C(0)—,
—CH,NHC(0)O—, —CH,N(CH,)C(0)0O—, —C(CH,)
HNHC(0)O—, —C(CH;)HN(CH,)C(0)0O—, —C(CH,),
NHC(0)0O—, —C(CH;),N(CH;)C(0)0O—,
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and

RSb RSb

where one of R® and R®? is —OH or fluorine;

wherein each G is independently chosen from the group
consisting of

(a) hydrogen,
(b) —CN,
(c) C, _salkyl having 1 to 3 substituents R*!,

each R is independently chosen from the group consist-
ing of —OH, —NH,, —NCH;H, —N(CH,),,
—N(CH,CH;),, —NH, —NCH,, —C(O)H, —C(0)
OH, —C(0O)CH;, —C(0O)OCH,, —NHC(O)H, —NHC
(O)OH, —NHC(O)CH;, —NHC(O)OCHj;, cyclopro-
pyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclo-
hexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl,
where

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl and
oxacyclohexyl are substituted by from 0 to 2 substi-
tutents R*? on N or C atoms, and each R'? is indepen-
dently selected from the group consisting of hydrogen,
halogen, carboxy, C, salkyl, —O—C, qalkyl and
—S—C, qalkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substi-
tuted by from O to 3 substitutents R'*> on N or C atoms,
and each R'? is independently selected from the group
consisting of hydrogen, halogen, C, salkyl and 3- to
8-membered cycloalkyl containing from O to 3 heteroa-
toms independently chosen from the group consisting of
N, OandS,

(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyra-
nyl, pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclo-
hexyl having from 0 to 3 substitutents R*® on N or C atoms,
the R'° independently selected from the group consisting of
hydrogen, halogen, carboxy, C, calkyl, —O—C, calkyl,
—S—C, _qalkyl, phenyl and benzyl, and

(e) aryl ring systems G' chosen from the group consisting
of: phenyl, pyridinyl and 9-membered bicyclic ring systems
containing from 0 to 2 heteroatoms independently chosen
from the group consisting of N and O. In all aspects of this
embodiment, all other groups are as provided in the general
formula above.
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In a tenth embodiment of the invention,

®

is chosen from the group consisting of

Rl
A\
@]
Rl
/N
[ >
X 0
Rl
7
@]

and

where

is substituted by from 0 to 3 additional R";

is phenyl; v is from O to 2; each R? is independently chosen
from the group consisting of fluorine, chlorine, —OH,
—CH;, —OCH; and —CN; each D is independently chosen
from the group consisting of
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-continued

O,

\ /=

each E is independently chosen from the group consisting of
a single bond,

RSb RSb

where one of R® and R®® is —OH or fluorine; and each G is
independently chosen from the group consisting of C, _,alkyl
having 1 to 2 substituents R'*, wherein each R'! is indepen-
dently chosen from the group consisting of —OH, —NH,,
—NCH,H, —N(CH,),, —N(CH,CH,),, —C(O)OCHj,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl, oxacyclohexyl,
phenyl, pyridinyl, pyrimidinyl and pyrrolyl. In all aspects of
this embodiment, all other groups are as provided in the
general formula above or in the eighth embodiment.

In an eleventh embodiment of the invention, the compound
having structural formula (I) is a compound having structural
formula (Ia):

(a)

or a pharmaceutically acceptable salt thereof, wherein

A\

Y

is substituted by u substituents R', and Y is selected from the
group consisting of O and NR'. In all aspects of this embodi-
ment, all other groups are as provided in the general formula
above or in any one of the first through tenth embodiments.
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In a twelfth embodiment of the invention, the compound
having structural formula (la) is a compound having struc-
tural formula (Ib):

(Ib)

or a pharmaceutically acceptable salt thereof, wherein

A

Y

is substituted by u substituents R*, andY is selected from the
group consisting of O and NR*. In particular aspects of this
embodiment,

is substituted by u substituents R, Y is O, and both instances
of G are

e}

P

N O
H

In all aspects of this embodiment, all other groups are as
provided in the general formula above or in the eleventh
embodiment.

In a thirteenth embodiment of the invention, the compound
having structural formula (la) is a compound having struc-
tural formula (Ib):

(Ib)
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or a pharmaceutically acceptable salt thereof, wherein said

A\

Y

is substituted by u substituents R*, and said

and said

Q,

taken together with one substituent R and one substituent R?,
are represented by a group chosen from the group consisting
of

In particular aspects of this embodiment,

and said
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taken together with one substituent R' and one substituent R?,
are represented by

wherein V is —CH,—, W is —(CH,,), ,O(CH,), ,—, R is
fluorine, and both instances of G are

Y”E;io/-

In all aspects of this embodiment, all other groups are as
provided in the general formula above or in the eleventh
embodiment.

In a fourteenth embodiment of the invention,

OO}

taken together with one substituent R and one substituent R?,
are represented by a group chosen from the group consisting
of:
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-continued

where
W is chosen from the group consisting of —(CH,), ;—,
—(CH,)o,NH(CH,)o.,— —(CH,)o_,N(C,_salkyl)
(CH,)o.5— —(CH,),0(CH,)o,— and —(CH,),,C(0)
(CH,)o.5—, where W is substituted by from 0 to 4 R™, where
each R™ is independently selected from C, qalkyl and C; ¢
cycloalkyl; and
V is chosen from the group consisting of —C(O)— and
—CH,—, and where V is —CH,—, V is substituted by from
0 to 2 R", where each R" is independently selected from the
group consisting of C,_alkyl and C, _.cycloalkyl;
each R' is independently chosen from the group consisting
of hydrogen, halogen, —OR>®, —CN, —C(O)R?, —CO,R?,
—C(O)N(R?>?),, —SR?, —S(O)R?, —S(0,)R?, —N(R>%),,
—(CH,), NR*),, —NR*SOR’, —NR*)CO,R’,
—N(R*COR?, —N(R**)C(O)N(R?*?), C, salkyl, C, ccar-
bocycle containing from 0 to 3 heteroatoms chosen from N, O
and S, and phenyl, and the C, .alkyl, C,_scarbocycle and
phenyl are substituted by from 0 to 3 substitutents indepen-
dently chosen from the group consisting of hydrogen, halo-
gen, —OR>*, —CN, —CO,R?*?, —C(O)N(R??),, —N(R>?),,
—NR>*CO,R*, —SR*, —S§OR*, —8(0,)R*,
—N(R**)SO,R?**, —N(R**)CO,R?*?, —N(R>**)C(O)N(R>?),
C, ¢ alkyl, —O—C,_salkyl and —S—C, salkyl,
each R? is independently chosen from the group consisting
of hydrogen, C, salkyl, —OH, —O—C, salkyl and
C,_geycloalkyl, and
each R>* is independently chosen from the group consist-
ing of hydrogen, C, salkyl and C, ;cycloalkyl;
each R? is independently chosen from the group consisting
of hydrogen, halogen, —OR**, —CN, —CO,R**, —C(O)N
(R*),, —N(R*),, —N(R*)CO,R*, —SR**, —S(O)R*,
—S(0,)R*, —NR*)SO,R*™, —N(R**)CO,R**, —N(R**)
C(O)N(R*), C,_salkyl substituted by from 0 to 4 R* and
C,_gcycloalkyl substituted by from 0 to 4 R*,
each R* is independently chosen from the group consisting
of hydrogen, —OH, C, qalkyl and C;_scycloalkyl, and
each R* is independently chosen from the group consist-
ing of hydrogen, C, salkyl and C; scycloalkyl;
wherein each D is independently chosen from the group
consisting of a single bond, —C(O)N(R’)—, —NR>C(0)—,

AP Ao
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where
R’ is independently chosen from the group consisting of
hydrogen, halogen —ORS, —CN, —CO,R®, —C(O)N
R%),, —N(R®%,, —NR%COR®, —SR® —S(O)R®,
—S(0,)R%, —N(R%SO,RS, —NCO,R®, —NC(O)N
(R9),, C,_salkyl substituted by from 0 to 3 substituents
R® and C,_scycloalkyl substituted by from 0 to 3 sub-
stituents R®, and
each R® is independently chosen from the group consisting
ofhydrogen, C,_salkyl and C; ¢cycloalkyl;
wherein each E is independently chosen from the group
consisting of a single bond, —CH,NHC(O)—, —CH,N
(CH;)C(O)—, —C(CH;)HNHC(O)—, —C(CH;)HN(CH;)
C(0)—, —C(CH,),NHC(0)—, —C(CH,),N(CH,)C(0)—,
—CH,NHC(0)O—, —CH,N(CH,)C(0)0—, —C(CH,)
HNHC(0)O—, —C(CH;)HN(CH,)C(0)0—, —C(CH,),
NHC(0)0O—, —C(CH;),N(CH;)C(0)0O—,

[@] [@]
E )\G,D )\o and
sERsh
[@]
.
N

R&z
RSb

R&z
RSb

where one of R®@ and R®? is —OH or fluorine;
wherein each G is independently chosen from the group
consisting of
(a) hydrogen,
(b) —CN,
(c) C,_salkyl having 1 to 3 substituents R,
each R'! is independently chosen from the group consist-
ing of —OH, —NH,, —NCH;H, —N(CH,),,
—N(CH,CH;),, —NH, —NCH,, —C(O)H, —C(0O)
OH, —C(0O)CH;, —C(O)OCH,, —NHC(O)H, —NHC
(O)OH, —NHC(O)CH;, —NHC(O)OCHj;, cyclopro-
pyl, cyclobutyl, cyclopentyl, cyclohexyl, pyranyl,
pyrrolidinyl, piperidinyl, oxacyclopentyl, and oxacyclo-
hexyl, phenyl, pyridinyl, pyrimidinyl and pyrrolyl,
where
the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl and
oxacyclohexyl are substituted by from 0 to 2 substi-
tutents R'? on N or C atoms, and each R'? is indepen-
dently selected from the group consisting of hydrogen,
halogen, carboxy, C, salkyl, —O—C, qalkyl and
—S—C, _salkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are substi-
tuted by from O to 3 substitutents R'*> on N or C atoms,
and each R*? is independently selected from the group
consisting of hydrogen, halogen, C, _salkyl and 3- to
8-membered cycloalkyl containing from 0 to 3 heteroa-
toms independently chosen from the group consisting of
N, Oand S,

(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyra-
nyl, pyrrolidinyl, piperidinyl, oxacyclopentyl and oxacyclo-
hexyl having from O to 3 substitutents R'® on N or C atoms,
the R'® independently selected from the group consisting of
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hydrogen, halogen, carboxy, C, calkyl, —O—C, calkyl,
—S—C, _salkyl, phenyl and benzyl, and

(e) aryl ring systems G' chosen from the group consisting
of: phenyl, pyridinyl and 9-membered bicyclic ring systems
containing from 0 to 2 heteroatoms independently chosen
from the group consisting of N and O. In all aspects of this
embodiment, all other groups are as provided in the general
formula above.

In another embodiment of the invention, the compound of
the invention is selected from the exemplary species depicted
in Examples 1 through 215 shown below, or pharmaceutically
acceptable salts thereof.

In another embodiment of the invention, for the com-
pounds of formula (I), variables

O @

D,E,G,R' R? u,v, R? R3 R* R* R R, R",1,],R5, R,
RSC‘, RQ, RIO, RlOa, Rll, R12, R13, R14, W, RW, V and Rv, are
selected independently from each other.

Other embodiments of the present invention include the
following:

(a) A pharmaceutical composition comprising an effective
amount of' a compound of formula (I) and a pharmaceutically
acceptable carrier.

(b) The pharmaceutical composition of (a), further com-
prising a second therapeutic agent selected from the group
consisting of HCV antiviral agents, immunomodulators, and
anti-infective agents.

(¢) The pharmaceutical composition of (b), wherein the
HCV antiviral agent is an antiviral selected from the group
consisting of HCV protease inhibitors and HCV NS5B poly-
merase inhibitors.

(d) A pharmaceutical combination that is (i) a compound of
formula (I) and (ii) a second therapeutic agent selected from
the group consisting of HCV antiviral agents, immunomodu-
lators, and anti-infective agents; wherein the compound of
formula (I) and the second therapeutic agent are each
employed in an amount that renders the combination effective
for inhibiting HCV NS5 A activity, or for treating HCV infec-
tion and/or reducing the likelihood or severity of symptoms of
HCYV infection, or for inhibiting HCV viral replication and/or
HCV viral production in a cell-based system.

(e) The combination of (d), wherein the HCV antiviral
agent is an antiviral selected from the group consisting of
HCV protease inhibitors and HCV NS5B polymerase inhibi-
tors.

(H) A method of inhibiting HCV NS5 A activity in a subject
in need thereof, which comprises administering to the subject
an effective amount of a compound of formula ().

(2) A method of treating HCV infection and/or reducing
the likelihood or severity of symptoms of HCV infection in a
subject in need thereof, which comprises administering to the
subject an effective amount of a compound of formula (I).

(h) The method of (g), wherein the compound of formula
(D) is administered in combination with an effective amount of
at least one second therapeutic agent selected from the group
consisting of HCV antiviral agents, immunomodulators, and
anti-infective agents.

(1) The method of (h), wherein the HCV antiviral agent is
an antiviral selected from the group consisting of HCV pro-
tease inhibitors and HCV NS5B polymerase inhibitors.
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(1) A method of inhibiting HCV viral replication and/or
HCV viral production in a cell-based system, which com-
prises administering to the subject an effective amount of a
compound of formula (I).

(k) The method of (j), wherein the compound of formula (1)
is administered in combination with an effective amount of at
least one second therapeutic agent selected from the group
consisting of HCV antiviral agents, immunomodulators, and
anti-infective agents.

() The method of (k), wherein the HCV antiviral agent is
an antiviral selected from the group consisting of HCV pro-
tease inhibitors and HCV NS5B polymerase inhibitors.

(m) A method of inhibiting HCV NS5A activity in a subject
in need thereof, which comprises administering to the subject
the pharmaceutical composition of (a), (b), or (c) or the com-
bination of (d) or (e).

(n) A method of treating HCV infection and/or reducing
the likelihood or severity of symptoms of HCV infection in a
subject in need thereof, which comprises administering to the
subject the pharmaceutical composition of (a), (b), or (¢) or
the combination of (d) or (e).

(0) A method of inhibiting HCV viral replication and/or
HCV viral production in a cell-based system, which com-
prises administering to the subject the pharmaceutical com-
position of (a), (b), or (c) or the combination of (d) or (e).

In the embodiments of the compounds and salts provided
above, it is to be understood that each embodiment may be
combined with one or more other embodiments, to the extent
that such a combination provides a stable compound or salt
and is consistent with the description of the embodiments. It
is further to be understood that the embodiments of compo-
sitions and methods provided as (a) through (o) above are
understood to include all embodiments of the compounds
and/or salts, including such embodiments as result from com-
binations of embodiments.

The present invention also includes a compound of the
present invention foruse (i) in, (ii) as a medicament for, or (iii)
in the preparation of a medicament for: (a) inhibiting HCV
NSS5A activity, or (b) treating HCV infection and/or reducing
the likelihood or severity of symptoms of HCV infection, or
(¢) inhibiting HCV viral replication and/or HCV viral pro-
ductionin acell-based system, or (d) use in medicine. Inthese
uses, the compounds of the present invention can optionally
be employed in combination with one or more second thera-
peutic agents selected from HCV antiviral agents, anti-infec-
tive agents, and immunomodulators.

Additional embodiments of the invention include the phar-
maceutical compositions, combinations and methods set
forth in (a)-(0) above and the uses set forth in the preceding
paragraph, wherein the compound of the present invention
employed therein is a compound of one of the embodiments,
aspects, classes, sub-classes, or features of the compounds
described above. In all of these embodiments, the compound
may optionally be used in the form of a pharmaceutically
acceptable salt, or may be present in the form of a solvate or
hydrate as appropriate.

As used herein, all ranges are inclusive, and all sub-ranges
are included within such ranges, although not necessarily
explicitly set forth. In addition, the term “or,” as used herein,
denotes alternatives that may, where appropriate, be com-
bined; that is, the term “or” includes each listed alternative
separately as well as their combination.

As used herein, the term “alkyl” refers to any linear or
branched chain alkyl group having a number of carbon atoms
in the specified range. Thus, for example, “C, 4 alkyl” (or
“C,-Cg alkyl”) refers to all of the hexyl alkyl and pentyl alkyl
isomers as well as n-, iso-, sec- and tert-butyl, n- and isopro-
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pyl, ethyl and methyl. As another example, “C, _, alkyl” refers
to n-, iso-, sec- and tert-butyl, n- and isopropyl, ethyl and
methyl. Where indicated, “C,” refers to hydrogen; thus, for
example, “C,_¢ alkyl” (or “C,-C alkyl”) refers to all of the
hexyl alkyl and pentyl alkyl isomers as well as n-, iso-, sec-
and tert-butyl, n- and isopropyl, ethyl, methyl and hydrogen.
Alkyl groups may be substituted as indicated.

The term “halogenated” refers to a group or molecule in
which a hydrogen atom has been replaced by a halogen.
Similarly, the term “haloalkyl” refers to a halogenated alkyl
group. The term “halogen” (or “halo™) refers to atoms of
fluorine, chlorine, bromine and iodine (alternatively referred
to as fluoro, chloro, bromo, and iodo), preferably fluorine.

The term “alkoxy” refers to an “alkyl-O—" group, where
alkyl is as defined above. Alkoxy groups may be substituted
as indicated.

The term “cycloalkyl” refers to any cyclic ring of an alkane
or alkene having a number of carbon atoms in the specified
range. Thus, for example, “C;_g cycloalkyl” (or “C;-Cq
cycloalkyl”) refers to cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl. The term
“cycloalkoxy” refers to a “cycloalkyl-O—" group, where
cycloalkyl is as defined above. Cycloalkyl groups may be
substituted as indicated.

The term “aryl” (or “aryl ring system”) refers to aromatic
mono- and poly-carbocyclic or heterocyclic ring systems
wherein the individual carbocyclic rings in the polyring sys-
tems are fused or attached to each other via a single bond. As
used herein, the term aryl includes aromatic mono- and poly-
carbocyclic ring systems that include from 0 to 4 heteroatoms
(non-carbon atoms) that are independently chosen from N, O
and S. Suitable aryl groups include phenyl, naphthyl, biphe-
nylenyl, pyridinyl, pyrimidinyl and pyrrolyl, as well as those
discussed below. Aryl groups may be substituted as indicated.
Aryl ring systems may include, where appropriate, an indi-
cation of the variable to which a particular ring atom is
attached. Unless otherwise indicated, substituents to the aryl
ring systems can be attached to any ring atom, provided that
such attachment results in formation of a stable ring system.

Theterm “carbocycle” (and variations thereof such as “car-
bocyclic”) as used herein, unless otherwise indicated, refers
to (i) a Cs to C, monocyclic, saturated or unsaturated ring, or
(i1) a Cq to C,, bicyclic saturated or unsaturated ring system.
Each ring in (i1) is either independent of, or fused to, the other
ring, and each ring is saturated or unsaturated. Carbocycle
groups may be substituted as indicated. When the carbocycles
contain one or more heteroatoms independently chosen from
N, O and S, the carbocycles may also be referred to as “het-
erocycles,” as defined below. The carbocycle may be attached
to the rest of the molecule at any carbon or nitrogen atom that
results in a stable compound. The fused bicyclic carbocycles
are a subset of the carbocycles; i.e., the term “fused bicyclic
carbocycle” generally refers to a Cg to C,, bicyclic ring sys-
tem in which each ring is saturated or unsaturated and two
adjacent carbon atoms are shared by each of the rings in the
ring system. A fused bicyclic carbocycle in which both rings
are saturated is a saturated bicyclic ring system. Saturated
carbocyclic rings are also referred to as cycloalkyl rings, e.g.,
cyclopropyl, cyclobutyl, etc. A fused bicyclic carbocycle in
which one or both rings are unsaturated is an unsaturated
bicyclic ring system. Carbocycle ring systems may include,
where appropriate, an indication of the variable to which a
particular ring atom is attached. Unless otherwise indicated,
substituents to the ring systems can be attached to any ring
atom, provided that such attachment results in formation of a
stable ring system.
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Unless indicated otherwise, the term “heterocycle” (and
variations thereof such as “heterocyclic” or “heterocyclyl”)
broadly refers to (i) a stable 5- to 7-membered, saturated or
unsaturated monocyclic ring, or (ii) a stable 8- to 10-mem-
bered bicyclic ring system, wherein each ring in (ii) is inde-
pendent of, or fused to, the other ring or rings and each ring is
saturated or unsaturated, and the monocyclic ring or bicyclic
ring system contains one or more heteroatoms (e.g., from 1 to
6 heteroatoms, or from 1 to 4 heteroatoms) independently
selected from N, O and S and a balance of carbon atoms (the
monocyclic ring typically contains at least one carbon atom
and the bicyclic ring systems typically contain at least two
carbon atoms); and wherein any one or more of the nitrogen
and sulfur heteroatoms is optionally oxidized, and any one or
more of the nitrogen heteroatoms is optionally quaternized.
Unless otherwise specified, the heterocyclic ring may be
attached at any heteroatom or carbon atom, provided that
attachment results in the creation of a stable structure. Het-
erocycle groups may be substituted as indicated, and unless
otherwise specified, the substituents may be attached to any
atom in the ring, whether a heteroatom or a carbon atom,
provided that a stable chemical structure results. Representa-
tive examples include pyranyl, piperidinyl, piperazinyl,
azepanyl, pyrrolidinyl, pyrazolidinyl, imidazolidinyl, oxazo-
lidinyl, isoxazolidinyl, morpholinyl, thiomorpholinyl, thia-
zolidinyl, isothiazolidinyl, and tetrahydrofuryl (or tetrahy-
drofuranyl). Unless expressly stated to the contrary, the term
“heteroaryl ring system” refers to aryl ring systems, as
defined above, that include from 1 to 4 heteroatoms (non-
carbon atoms) that are independently chosen from N, Oand S.
In the case of substituted heteraromatic rings containing at
least one nitrogen atom (e.g., pyridine), such substitutions
can be those resulting in N-oxide formation. Representative
examples of heteroaromatic rings include pyridyl, pyrrolyl,
pyrazinyl, pyrimidinyl, pyridazinyl, thienyl (or thiophenyl),
thiazolyl, furanyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl,
oxazolyl, isooxazolyl, oxadiazolyl, thiazolyl, isothiazolyl,
and thiadiazolyl. Representative examples of bicyclic hetero-
cycles include benzotriazolyl, indolyl, isoindolyl, indazolyl,
indolinyl, isoindolinyl, quinoxalinyl, quinazolinyl, cinnoli-
nyl, chromanyl, isochromanyl, tetrahydroquinolinyl, quino-
linyl, tetrahydroisoquinolinyl, isoquinolinyl, 2,3-dihy-
drobenzofuranyl, 2,3-dihydrobenzo-1,4-dioxinyl and benzo-
1,3-dioxolyl.

Unless otherwise specifically noted as only “substituted”,
alkyl, cycloalkyl, and aryl groups are not substituted. If sub-
stituted, preferred substituents are selected from the group
that includes, but is not limited to, halo, C,-C,, alkyl, —CF;,
—NH,, —N(C,-C; alkyl),, —NO,, oxo, —CN, —Nj,
—OH, —O(C,-C; alkyl), C;5-C,, cycloalkyl, C,-C alkenyl,
C,-Cy alkynyl, (Cy-Cy alkyl) S(O)g_,— aryl-5(0)o_,—, (Co-
Cs alkyD)S(0)5.5(Co-Cs alkyl)-, (Co-Cg alkyhC(O)NH—,
H,N—C(NH)—, —O(C,-C4 alkyl)CF;, (Cy-C4 alkyD)C
(0)— (Cy~C, alkyDOC(0)—, (Cy-CalkyDO(C, -C. alkyD)-,
(Co-Cs alkyD)C(O),_,(Co-Cs alkyl)-, (C,-Cs alkyDOC(O)
NH—, aryl, aralkyl, heteroaryl, heterocycloalkyl, halo-aryl,
halo-aralkyl, halo-heterocycle and halo-heterocycloalkyl.

Unless expressly stated to the contrary, all ranges cited
herein are inclusive. For example, a heteroaryl ring described
as containing from “0 to 3 heteroatoms” means the ring can
contain 0, 1, 2, or 3 heteroatoms. It is also to be understood
that any range cited herein includes within its scope all of the
sub-ranges within that range. The oxidized forms of the het-
eroatoms N and S are also included within the scope of the
present invention.

When any variable (for example, R' or R®) occurs more
than one time in any constituent or in formula (I) or in any
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other formula depicting and describing compounds of the
invention, its definition on each occurrence is independent of
its definition at every other occurrence. Also, combinations of
substituents and/or variables are permissible only if such
combinations result in stable compounds.

Unless expressly stated to the contrary, substitution by a
named substituent is permitted on any atom provided such
substitution is chemically allowed and results in a stable
compound. A “stable” compound is a compound that can be
prepared and isolated and that has a structure and properties
that remain or can be caused to remain essentially unchanged
for a period of time sufficient to allow use of the compound
for the purposes described herein (e.g., therapeutic or pro-
phylactic administration to a subject).

As used herein, the term “compound” is intended to
encompass chemical agents described by generic formula (I)
in all forms, including hydrates and solvates of such chemical
agents.

In the compounds of generic formula (I), the atoms may
exhibit their natural isotopic abundances, or one or more of
the atoms may be artificially enriched in a particular isotope
having the same atomic number, but an atomic mass or mass
number different from the atomic mass or mass number pre-
dominantly found in nature. The present invention is meant to
include all suitable isotopic variations of the compounds of
generic formula (I). For example, different isotopic forms of
hydrogen (H) include protium (*H) and deuterium (*H or D).
Protium is the predominant hydrogen isotope found in nature.
Enriching for deuterium may afford certain therapeutic
advantages, such as increasing in vivo half-life or reducing
dosage requirements, or may provide a compound useful as a
standard for characterization of biological samples. Isotopi-
cally-enriched compounds within generic formula (I) can be
prepared without undue experimentation by conventional
techniques well known to those skilled in the art or by pro-
cesses analogous to those described in the Schemes and
Examples herein using appropriate isotopically-enriched
reagents and/or intermediates.

As a result of the selection of substituents and substituent
patterns, certain of the compounds of the present invention
can have asymmetric centers and can occur as mixtures of
stereoisomers, or as individual diastereomers, or enanti-
omers. All isomeric forms of these compounds, whether iso-
lated or in mixtures, are within the scope of the present
invention.

As would be recognized by one of ordinary skill in the art,
certain of the compounds of the present invention can exist as
tautomers. For the purposes of the present invention a refer-
ence to a compound of formula (I) is a reference to the
compound per se, or to any one of its tautomers per se, or to
mixtures of two or more tautomers.

The compounds of the present invention may be adminis-
tered in the form of pharmaceutically acceptable salts. The
term “pharmaceutically acceptable salt” refers to a salt that
possesses the effectiveness of the parent compound and that is
not biologically or otherwise undesirable (e.g., is neither
toxic nor otherwise deleterious to the recipient thereof). Suit-
able salts include acid addition salts that may, for example, be
formed by mixing a solution of the compound of the present
invention with a solution of a pharmaceutically acceptable
acid such as hydrochloric acid, sulfuric acid, acetic acid,
trifluoroacetic acid, or benzoic acid. Many of the compounds
of'the invention carry an acidic moiety, in which case suitable
pharmaceutically acceptable salts thereof can include alkali
metal salts (e.g., sodium or potassium salts), alkaline earth
metal salts (e.g., calcium or magnesium salts), and salts
formed with suitable organic ligands such as quaternary
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ammonium salts. Also, in the case of an acid (—COOH) or
alcohol group being present, pharmaceutically acceptable
esters can be employed to modify the solubility or hydrolysis
characteristics of the compound.

The term “administration” and variants thereof (e.g.,
“administering” a compound) in reference to a compound of
the invention mean providing the compound or a prodrug of
the compound to the individual in need of treatment. When a
compound of the invention or a prodrug thereof is provided in
combination with one or more other active agents (e.g., anti-
viral agents useful for treating HCV infection), “administra-
tion” and its variants are each understood to include concur-
rent and sequential provision of the compound or salt (or
hydrate) and other agents.

As used herein, the term “composition” is intended to
encompass a product comprising the specified ingredients, as
well as any product that results, directly or indirectly, from
combining the specified ingredients.

By “pharmaceutically acceptable” is meant that the ingre-
dients of the pharmaceutical composition must be compatible
with each other and not deleterious to the recipient thereof.

The terms “subject” (alternatively referred to herein as
“patient”) as used herein, refer to an animal, preferably a
mammal, most preferably a human, who has been the object
of treatment, observation or experiment.

The term “effective amount” as used herein means that
amount of active compound or pharmaceutical agent that
elicits the biological or medicinal response in a tissue, sys-
tem, animal or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician. In one
embodiment, the effective amount is a “therapeutically effec-
tive amount” for the alleviation of one or more symptoms of
the disease or condition being treated. In another embodi-
ment, the effective amount is a “prophylactically effective
amount” for reduction of the severity or likelihood of one or
more symptoms of the disease or condition. In another
embodiment, the effective amount is a “therapeutically effec-
tive amount” for inhibition of HCV viral replication and/or
HCV viral production. The term also includes herein the
amount of active compound sufficient to inhibit HCV NS5A
and thereby elicit the response being sought (i.e., an “inhibi-
tion effective amount”). When the active compound (i.e.,
active ingredient) is administered as the salt, references to the
amount of active ingredient are to the free acid or free base
form of the compound.

It is understood that claimed compounds cause inhibition
in replicon assay testing. Thus, compounds described herein
are useful for inhibiting HCV replication, specifically the
NSS5A protein. Compounds described herein have different
uses, including the prevention or treatment of one or more of
the symptoms of HCV infection, the inhibition of HCV viral
replication and/or HCV viral production, and/or as pharma-
ceutical composition ingredients.

The compounds of this invention are useful in the prepa-
ration and execution of screening assays for antiviral com-
pounds. For example, the compounds of this invention are
useful for identifying resistant HCV replicon cell lines har-
boring mutations within NS5A, which are excellent screening
tools for more powerful antiviral compounds. Furthermore,
the compounds of this invention are useful in establishing or
determining the binding site of other antivirals to the HCV
replicase.

For the purposes of inhibiting HCV NS5 A protein, treating
HCYV infection and/or reducing the likelihood or severity of
symptoms of HCV infection and inhibiting HCV viral repli-
cation and/or HCV viral production, the compounds of the
present invention, optionally in the form of a salt or a hydrate,
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can be administered by any means that produces contact of
the active agent with the agent’s site of action. They can be
administered by one or more conventional means available
for use in conjunction with pharmaceuticals, either as indi-
vidual therapeutic agents or in a combination of therapeutic
agents. They can be administered alone, but typically are
administered with a pharmaceutical carrier selected on the
basis of the chosen route of administration and standard phar-
maceutical practice. The compounds of the invention can, for
example, be administered by one or more of the following:
orally, parenterally (including subcutaneous injections, intra-
venous, intramuscular, intrasternal injection or infusion tech-
niques), by inhalation (such as in a spray form), or rectally, in
the form of a unit dosage of a pharmaceutical composition
containing an effective amount of the compound and conven-
tional non-toxic pharmaceutically-acceptable carriers, adju-
vants and vehicles. Liquid preparations suitable for oral
administration (e.g., suspensions, syrups, elixirs and the like)
can be prepared according to techniques known in the art and
can employ any of the usual media such as water, glycols, oils,
alcohols and the like. Solid preparations suitable for oral
administration (e.g., powders, pills, capsules and tablets) can
be prepared according to techniques known in the art and can
employ such solid excipients as starches, sugars, kaolin,
lubricants, binders, disintegrating agents and the like.
Parenteral compositions can be prepared according to tech-
niques known in the art and typically employ sterile water as
a carrier and optionally other ingredients, such as solubility
aids. Injectable solutions can be prepared according to meth-
ods known in the art wherein the carrier comprises a saline
solution, a glucose solution or a solution containing a mixture
of'saline and glucose. Further description of methods suitable
for use in preparing pharmaceutical compositions of the
present invention and of ingredients suitable for use in said
compositions is provided in Remington’s Pharmaceutical
Sciences, 18" edition (ed. A. R. Gennaro, Mack Publishing
Co., 1990).

The compounds of this invention can be administered
orally in a dosage range of 0.001 to 1000 mg/kg of mammal
(e.g., human) body weight per day in a single dose or in
divided doses. One dosage range is 0.01 to 500 mg/kg body
weight per day orally in a single dose or in divided doses.
Another dosage range is 0.1 to 100 mg/kg body weight per
day orally in single or divided doses. For oral administration,
the compositions can be provided in the form of tablets or
capsules containing 1.0 to 500 mg of the active ingredient,
particularly 1, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250,
300, 400, and 500 mg of the active ingredient for the symp-
tomatic adjustment of the dosage to the patient to be treated.
The specific dose level and frequency of dosage for any
particular patient may be varied and will depend upon a
variety of factors including the activity of the specific com-
pound employed, the metabolic stability and length of action
of that compound, the age, body weight, general health, sex,
diet, mode and time of administration, rate of excretion, drug
combination, the severity of the particular condition, and the
host undergoing therapy.

As noted above, the present invention also relates to a
method of inhibiting HCV replicon activity, inhibiting HCV
viral replication and/or HCV viral production, treating HCV
infection and/or reducing the likelihood or severity of symp-
toms of HCV infection with a compound of'the present inven-
tion in combination with one or more therapeutic agents and
apharmaceutical composition comprising a compound of the
present invention and one or more therapeutic agents selected
from the group consisting of a HCV antiviral agent, an immu-
nomodulator, and an anti-infective agent. Such therapeutic
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agents active against HCV include, but are not limited to,
ribavirin, levovirin, viramidine, thymosin alpha-1, R7025 (an
enhanced interferon (Roche)), interferon-§, interferon-c,
pegylated interferon-c. (peginterferon-ct), a combination of
interferon-a. and ribavirin, a combination of peginterferon-c.
and ribavirin, a combination of interferon-c. and levovirin,
and a combination of peginterferon-a. and levovirin. The
combination of peginterferon-a and ribaviron represents the
current Standard of Care for HCV treatment. The combina-
tion of one or more compounds of the present invention with
the Standard of Care for HCV treatment, pegylated-interferon
and ribaviron is specifically contemplated as being encom-
passed by the present invention. Interferon-a includes, but is
not limited to, recombinant interferon-c2a (such as RorFEroN
interferon), pegylated interferon-a2a (PEcasys), interferon-
a2b (such as INTRON-A interferon), pegylated interferon-a2b
(PecINTRON), a recombinant consensus interferon (such as
interferon alphacon-1), albuferon (interferon-o. bound to
human serum albumin (Human Genome Sciences)), and a
purified interferon-a product. Amgen’s recombinant consen-
sus interferon has the brand name INFERGEN. Levovirin is the
L-enantiomer of ribavirin which has shown immunomodula-
tory activity similar to ribavirin. Viramidine represents an
analog of ribavirin disclosed in International Patent Applica-
tion Publication WO 01/60379. In accordance with the
method of the present invention, the individual components
of'the combination can be administered separately at different
times during the course of therapy or concurrently in divided
or single combination forms.

Ribavirin, levovirin, and viramidine may exert their anti-
HCV effects by modulating intracellular pools of guanine
nucleotides via inhibition of the intracellular enzyme inosine
monophosphate dehydrogenase (IMPDH). IMPDH is the
rate-limiting enzyme on the biosynthetic route in de novo
guanine nucleotide biosynthesis. Ribavirin is readily phos-
phorylated intracellularly and the monophosphate derivative
is an inhibitor of IMPDH. Thus, inhibition of IMPDH repre-
sents another useful target for the discovery of inhibitors of
HCYV replication. Therefore, the compounds of the present
invention may also be administered in combination with an
inhibitor of IMPDH, such as those disclosed in International
Patent Application Publications WO 97/41211, WO
01/00622 and WO 00/25780; or mycophenolate mofetil. See
Anthony C. Allison and Elsie M. Eugui, /mmunosuppressive
and Other Anti-Rheumetic Activities of Mychophenolate
Mofetil, 44 (SuppL.) AGENTS AcTioN 165 (1993).

For the treatment of HCV infection, the compounds of the
present invention may also be administered in combination
with the antiviral agent polymerase inhibitor R7128 (Roche).

The compounds of the present invention may also be com-
bined for the treatment of HCV infection with antiviral 2'-C-
branched ribonucleosides disclosed in Rogers E. Harry-
O’Kuru et al., 4 Short, Flexible Route to 2'-C-Branched
Ribonucleosides, 62 J. Org. CHEM. 1754-59 (1997); Michael
S. Wolfe and Rogers E. Harry-O’Kuru, 4 Consise Synthesis of
2'-C-Methylribonucleosides, 36 TeT. LETT. 7611-14 (1995);
U.S. Pat. No. 3,480,613 and International Patent Application
Publications WO 01/90121, WO 01/92282, WO 02/32920,
WO 04/002999, WO 04/003000 and WO 04/002422; the
contents of each of which are incorporated by reference in
their entirety. Such 2'-C-branched ribonucleosides include,
but are not limited to, 2'-C-methyl-cytidine, 2'-C-methyl-
uridine, 2'-C-methyl-adenosine, 2'-C-methyl-guanosine, and
9-(2-C-methyl-p-D-ribofuranosyl)-2,6-diaminopurine, and
the corresponding amino acid ester of the ribose C-2', C-3',
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and C-5' hydroxyls and the corresponding optionally substi-
tuted cyclic 1,3-propanediol esters of the 5'-phosphate deriva-
tives.

For the treatment of HCV infection, the compounds of the
present invention may also be administered in combination
with an agent that is an inhibitor of HCV NS3 serine protease.
HCV NS3 serine protease is an essential viral enzyme and has
been described to be an excellent target for inhibition of HCV
replication. Exemplary substrate and non-substrate based
inhibitors of HCV NS3 protease inhibitors are disclosed in
International Patent Application Publications WO 98/22496,
WO 98/46630, WO 99/07733, WO 99/07734, WO 99/38888,
WO 99/50230, WO 99/64442, WO 00/09543, WO 00/59929,
WO 02/48116, WO 02/48172, WO 2008/057208 and WO
2008/057209, in British Patent No. GB 2337 262, and in U.S.
Pat. Nos. 6,323,180, 7,470,664, and 7,012,066 and in Ashok
Arasappan et al., Discovery of Narlaprevir (SCH 900518): 4
Potent, Second Generation HCV NS3 Serine Protease Inhibi-
tor, ACS Mep. Cuem. LeTT. DOL: 10.1021/m19000276 (Feb.
15, 2010).

The compounds of the present invention may also be com-
bined for the treatment of HCV infection with nucleosides
having anti-HCV properties, such as those disclosed in Inter-
national Patent Application Publications WO 02/51425, WO
01/79246, WO 02/32920, WO 02/48165 and WO 2005/
003147 (including R1656, (2'R)-2'-deoxy-2'-fluoro-2'-C-me-
thylcytidine, shown as compounds 3-6 on page 77); WO
01/68663; WO 99/43691; WO 02/18404 and WO 2006/
021341, and U.S. Patent Application Publication US 2005/
0038240, including 4'-azido nucleosides such as R1626,
4'-azidocytidine; U.S. Patent Application Publications US
2002/0019363, US 2003/0236216, US 2004/0006007, US
2004/0063658 and US 2004/0110717; U.S. Pat. Nos. 7,105,
499, 7,125,855, 7,202,224; and International Patent Applica-
tion Publications WO 02/100415, WO 03/026589, WO
03/026675, WO 03/093290, WO 04/011478, WO 04/013300
and WO 04/028481; the content of each is incorporated
herein by reference in its entirety.

For the treatment of HCV infection, the compounds of the
present invention may also be administered in combination
with an agent that is an inhibitor of HCV NS5B polymerase.
Such HCV NS5B polymerase inhibitors that may be used as
combination therapy include, but are not limited to, those
disclosed in International Patent Application Publications
WO 02/057287, WO 02/057425, WO 03/068244, WO 2004/
000858, WO 04/003138 and WO 2004/007512; U.S. Pat.
Nos. 6,777,392, 7,105,499, 7,125,855, 7,202,224 and U.S.
Patent Application Publications US 2004/0067901 and US
2004/0110717; the content of each is incorporated herein by
reference in its entirety. Other such HCV polymerase inhibi-
tors include, but are not limited to, valopicitabine (NM-283;
Idenix) and 2'-F-2'-beta-methylcytidine (see also WO 2005/
003147).

In one embodiment, nucleoside HCV NS5B polymerase
inhibitors that are used in combination with the present HCV
inhibitors are selected from the following compounds:
4-amino-7-(2-C-methyl-f-D-arabinofuranosyl)-7H-pyrrolo
[2,3-d]pyrimidine; 4-amino-7-(2-C-methyl-p-D-ribofurano-
syl)-7H-pyrrolo[2,3-d]pyrimidine; 4-methylamino-7-(2-C-
methyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
4-dimethylamino-7-(2-C-methyl-f3-D-ribofuranosyl)-7H-
pyrrolo[2,3-d|pyrimidine; 4-cyclopropylamino-7-(2-C-me-
thyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;
4-amino-7-(2-C-vinyl-p-D-ribofuranosyl)-7H-pyrrolo[ 2,3-
d]pyrimidine;  4-amino-7-(2-C-hydroxymethyl-f3-D-ribo-
furanosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C-
fluoromethyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]



US 9,090,661 B2

39
pyrimidine; 4-amino-5-methyl-7-(2-C-methyl-§-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-
C-methyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-d]
pyrimidine-5-carboxylic acid; 4-amino-5-bromo-7-(2-C-
methyl-fB-D-ribofuranosyl)-7H-pyrrolo[ 2,3d]pyrimidine;
4-amino-5-chloro-7-(2-C-methyl-f-D-ribofuranosyl)-7H-
pyrrolo[2,3-d|pyrimidine; 4-amino-5-fluoro-7-(2-C-methyl-
p-D-ribofuranosyl)-7H-pyrrolo[2,3-d|pyrimidine;  2,4-di-
amino-7-(2-C-methyl-#-D-ribofuranosyl)-7H-pyrrolo[2,3-
d]pyrimidine; 2-amino-7-(2-C-methyl-f-D-ribofuranosyl)-
7H-pyrrolo[2,3-d]pyrimidine; 2-amino-4-
cyclopropylamino-7-(2-C-methyl-f-D-ribofuranosyl)-7H-
pyrrolo[2,3-d]pyrimidine; 2-amino-7-(2-C-methyl-§-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidin-4(3H)-one;
4-amino-7-(2-C-ethyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-
d]pyrimidine; 4-amino-7-(2-C,2-O-dimethyl-p-D-ribofura-
nosyl)-7H-pyrrolo[2,3-d]pyrimidine; 7-(2-C-methyl-p3-D-ri-
bofuranosyl)-7H-pyrrolo[2,3-d|pyrimidin-4(3H)-one;
2-amino-5-methyl-7-(2-C,  2-O-dimethyl-[-D-ribofurano-
syl)-7H-pyrrolo[2,3-d]pyrimidin-4(3H)-one; 4-amino-7-(3-
deoxy-2-C-methyl-fB-D-ribofuranosyl)-7H-pyrrolo[2,3-d]
pyrimidine; 4-amino-7-(3-deoxy-2-C-methyl-p-D-
arabinofuranosyl)-7H-pyrrolo[2,3-d|pyrimidine; 4-amino-2-
fluoro-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-
d]pyrimidine; 4-amino-7-(3-C-methyl-f-D-ribofuranosyl)-
7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(3-C-methyl-p-D-
xylofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2,
4-di-C-methyl-p-D-ribofuranosyl)-7H-pyrrolo[ 2,3-d]
pyrimidine; 4-amino-7-(3-deoxy-3-fluoro-2-C-methyl-p-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine;  and  the
corresponding S'-triphosphates; or a pharmaceutically
acceptable salt thereof.

The compounds of the present invention may also be com-
bined for the treatment of HCV infection with non-nucleoside
inhibitors of HCV polymerase such as those disclosed in U.S.
Patent Application Publications US 2006/0100262 and US
2009-0048239; International Patent Application Publications
WO 01/77091, WO 01/47883, WO 02/04425, WO 02/06246,
WO 02/20497, WO 2005/016927 (in particular JTK003),
WO 2004/041201, WO 2006/066079, WO 2006/066080,
WO 2008/075103, WO 2009/010783 and WO 2009/010785;
the content of each is incorporated herein by reference in its
entirety.

In one embodiment, non-nucleoside HCV NS5B poly-
merase inhibitors that are used in combination with the
present HCV NS5 A inhibitors are selected from the following
compounds: 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-
0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-
11-carboxylic acid; 14-cyclohexyl-6-(2-morpholin-4-yl-
ethyl)-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-
11-carboxylic acid; 14-cyclohexyl-6-[2-(dimethylamino)
ethyl]-3-methoxy-5,6,7,8-tetrahydroindolo[2,1-a][2,5]
benzodiazocine-11-carboxylic  acid;  14-cyclohexyl-3-
methoxy-6-methyl-5,6,7 8-tetrahydroindolo[2,1-a][2,5]
benzodiazocine-11-carboxylic  acid; methyl  ({[(14-
cyclohexyl-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolo
[2,1-a][2,5]benzodiazocin-11-yl)carbonyl]amino }sulfonyl)
acetate; ({[(14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocin-11-yl)carbonyl]
amino }sulfonyl)acetic acid; 14-cyclohexyl-N-
[(dimethylamino)sulfonyl]-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-
carboxamide; 3-chloro-14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-7-0x0-5,6,7,8-tetrahydroindolo[2,1-
a][2,5]benzodiazocine 11-carboxylic acid; N'-(11-carboxy-
14-cyclohexyl-7,8-dihydro-6H-indolo[ 1,2-¢][1,5]
benzoxazocin-7-yl)-N,N-dimethylethane-1,2-diaminium bis
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(trifluoroacetate); 14-cyclohexyl-7,8-dihydro-6H-indolo[1,
2-e][1,5]benzoxazocine-11-carboxylic acid; 14-cyclohexyl-
6-methyl-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]
benzodiazocine-11-carboxylic  acid;  14-cyclohexyl-3-
methoxy-6-methyl-7-0x0-5,6,7,8-tetrahydroindolo[ 2,1-a][2,
5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-3-methoxy-7-0x0-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic
acid; 14-cyclohexyl-6-[3-(dimethylamino)propyl]-7-oxo-5,
6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-car-
boxylic acid; 14-cyclohexyl-7-ox0-6-(2-piperidin-1-yl-
ethyl)-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-
11-carboxylic  acid;  14-cyclohexyl-6-(2-morpholin-4-
ylethyl)-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]
benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-[2-
(diethylamino)ethyl]-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a]
[2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-
(1-methylpiperidin-4-y1)-7-0x0-5,6,7,8-tetrahydroindolo[ 2,
1-a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclohexyl-
N-[(dimethylamino)sulfonyl]-7-0x0-6-(2-piperidin-1-
ylethyl)-5,6,7,8-tetrahydroindolo| 2,1-a][2,5]
benzodiazocine-11-carboxamide; 14-cyclohexyl-6-[2-
(dimethylamino)ethyl]-N-[ (dimethylamino)sulfonyl]-7-
0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]benzodiazocine-
11-carboxamide; 14-cyclopentyl-6-[ 2-(dimethylamino)
ethyl]-7-0x0-5,6,7,8-tetrahydroindolo[2,1-a][2,5]
benzodiazocine-11-carboxylic acid; 14-cyclohexyl-5,6,7,8-
tetrahydroindolo[2,1-a][2,5]benzodiazocine-11-carboxylic
acid; 6-allyl-14-cyclohexyl-3-methoxy-5,6,7,8-tetrahy-
droindolo[2,1-a][2,5]benzodiazocine-11-carboxylic  acid;
14-cyclopentyl-6-[ 2-(dimethylamino)ethyl]-5,6,7,8-tetrahy-
droindolo[2,1-a][2,5]benzodiazocine-11-carboxylic  acid;
14-cyclohexyl-6-[2-(dimethylamino)ethyl]-5,6,7,8-tetrahy-
droindolo[2,1-a][2,5]benzodiazocine-11-carboxylic  acid;
13-cyclohexyl-5-methyl-4,5,6,7-tetrahydrofuro[3',":6,7][ 1,
4]diazocino[1,8-a]indole-10-carboxylic  acid; 15-cyclo-
hexyl-6-[2-(dimethylamino )ethyl]-7-0x0-6,7,8,9-tetrahy-
dro-5H-indolo[2,1-a][2,6]benzodiazonine-12-carboxylic
acid; 15-cyclohexyl-8-0x0-6,7,8,9-tetrahydro-5H-indolo[2,
1-a][2,5]benzodiazonine-12-carboxylic acid; 13-cyclohexyl-
6-0x0-6,7-dihydro-5H-indolo[ 1,2-d][ 1,4 ]|benzodiazepine-
10-carboxylic acid; and pharmaceutically acceptable salts
thereof.

The HCV replicons and NS5A inhibitory activity of the
present compounds may be tested using assays known in the
art. HCV inhibitors, such as those described in the Examples
herein have activities in genotype 1b, 2a and la replicon
assays of from about 1 pM to about 1 uM. The assay is
performed by incubating a replicon harboring cell-line in the
presence of inhibitor for a set period of time and measuring
the effect of the inhibitor on HCV replicon replication either
directly by quantifying replicon RNA level, or indirectly by
measuring enzymatic activity of a co-encoded reporter
enzyme such as luciferase or §-lactamase. By performing a
series of such measurements at different inhibitor concentra-
tions, the effective inhibitory concentration of the inhibitor
(ECsq or ECyy) is determined. See Jan M. Vrolijk et al., 4
replicons-based bioassay for the measurement of interferons
in patients with chronic hepatitis C, 110 J. VRorocicar METH-
ops 201 (2003). Such assays may also be run in an automated
format for high through-put screening. See Paul Zuck et al., 4
cell-based P-lactamase reporter gene assay for the identifi-
cation of inhibitors of hepatitis C virus replication, 334 Ana-
LYTICAL BiocHEMISTRY 344 (2004).

The present invention also includes processes for making
compounds of formula (I). The compounds of the present
invention can be readily prepared according to the following
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reaction schemes and examples, or modifications thereof, -continued
using readily available starting materials, reagents and con- H
ventional synthesis procedures. In these reactions, it is also N N\
possible to make use of variants which are themselves known | N\ NH el
to those of ordinary skill in this art, but are not mentioned in 5 0 N o —
greater detail. Furthermore, other methods for preparing H
compounds of the invention will be readily apparent to the 6
person of ordinary skill in the art in light of the following
reactiqn schemes and examples. Unless otherwi§e indicat.ed, N N
all variables are as defined above. The following reaction 10 2 AN
schemes and examples serve only to illustrate the invention | \ N, -HATU
and its practice. N\ RCOOH
General Schemes H
7
15
Scheme A-1 o o
N NO, H,N N\ \ >—R R )I\Cl
AcO | P NH —>or
N N 20 R RCOOH/HATU
1
NO,
O | N 25 ’ I Q
)k _ H,, Pd—C R\I(N N\ \ >—R
N N | NH
2 o s N
H
30
NH,
O | N 1. HCL, NaNO,
)k = 2. 8SnCl,, HCI
! N The synthesis of analogs containing the 4-azaindole core
3 > can be accomplished starting from a suitably protected
§ 2-amino-5-nitropyridine 2, which can then be reduced by
0 O/ S NH, catalytic hydrogenation in order to convert the resulting free
)J\ | amino group to its hydrazine by the action of NaNO, and
N N/ Mo 40 SnCl,. The resulting pyridylhydrazine can be condensed with
I 4 a ketone then subjected to Fisher indole cyclization condi-
H H tions to afford the indole 6. Acidic deprotection of the acetyl
\H/N Z N\n/ groups can be accomplished by using a strong acid to liberate
0 Q N\(O/ o ppa 45 the diamine, which can be selectively coupled on the more
NT X —_— reactive aniline nitrogen using standard coupling agents, such
H as HATU. The aminopyridine group can then be acylated with
5 a reagent, such as acetyl chloride or a carboxylic acid, in the
presence of an amide bond-forming reagent.
Scheme A-2
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-continued
(@)
Br. N
TFAA, Py m@l\; INHCI
1,4-dioxane F N

Br

T
N
H
2-Bromo-3-aminopyridines can be coupled to a terminally
substituted alkyne using standard Sonagashira coupling pro-
cedures to give intermediates 5, which can undergo TFAA-
mediated cyclization to provide the 4-azaindole compounds
6. Protecting groups can be removed with a strong acid, such
as aqueous HCl, and the resulting amine can be acylated using

an appropriately substituted carboxylic acid and an amide
bond forming reagent, such as HATU.
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The synthesis of scaffolds B containing a 6-azaindole core
can be accomplished by the metallation of the 4-methylpyri-
dine analog 2 with a strong base, such as Bul i, and quenching
the resulting anion with the acylating agent, such as 3. Inter-
mediate 4 can be globally deprotected by the action of a
strong acid, such as HBr, to give the diamino azaindole struc-
ture 5. Both amino groups can be acylated using an appropri-
ately substituted carboxylic acid and an amide bond forming
reagent, such as HATU. Compounds 6 can be further func-
tionalized at the C-3 indole position with electrophiles, such
as NCS.
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Iodo aminopyridines 2 can be coupled to a terminally sub-
stituted alkyne using standard Sonagashira coupling proce-
dures to give intermediates 5, which can undergo a base-
mediated cyclization using a reagent, such as KOtBu, to
provide the 7-azaindole compounds 4. Protecting groups can
be removed with a strong acid, such as aqueous HCI, and the
resulting amine can be acylated using an appropriately sub-
stituted carboxylic acid and an amide bond forming reagent,
such as HATU. Compounds 6 can then be reduced using
hydrogen and a catalyst then coupled a second time with a
carboxylic acid and HATU to provide 8. Treatment of 8 with
an electrophilic agent, such as NCS, provides the desired
compounds.
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Compounds in the D series can be synthesized by reacting
dicarbonyl intermediate 2 with a 2-aminopyrimidine deriva-
tive in the presence of a Lewis acid, such as boron trifluoride
etherate. The resulting heterocycle can be alkylated with a
bromoketone analog of an amino acid, such as proline, in the
presence of a tertiary amine base. The nitro group can be
reduced, and the resulting aniline can be acylated using an
appropriately substituted carboxylic acid and an amide bond
forming reagent, such as HATU, to give the final products.
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Scaffold E-1 can be prepared by the condensing a benzoic
acid derivative, such as 1, with a phenylenediamine counter-
part 2 in the presence of a dehydrating agent, such as poly-
phosphoric acid. The resulting aniline can be acylated using
an appropriately substituted carboxylic acid, such as N-Boc-
L-proline, and an amide bond-forming reagent, such as
HATU, and can then be subjected to acidic conditions to
remove the Boc group. Compounds 4 can be coupled again
with an appropriately substituted carboxylic acid and an
amide bond-forming reagent, such as HATU. The nitro group
in 5 can be reduced under catalytic hydrogenating conditions,
and the resulting aniline can be further coupled with various
amines to give the target compounds.
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Scaffold E-2 can be prepared by the reacted with a benzoic
acid derivative with a phenylenediamine analog and an amide
bond-forming reagent, such as HATU, to give amides 3,
which can be cyclodehydrated by heating with a reagent, such
as HOAc. The resulting aniline can be acylated using an
appropriately substituted carboxylic acid and an amide bond-
forming reagent, such as HATU, to give intermediates 5. The
nitro group can be reduced under catalytic hydrogenating
conditions, and the resulting aniline can be sulfonylated with
an appropriately substituted sulfonyl chloride and a tertiary
amine base to give the targets.



US 9,090,661 B2

51 52
Scheme F
OH
(0]
N N NI
[)e1 PPA
1
S
LN N Il‘I
\ NIL Boce 0
HATU
(0]
2
H
N N N 5

/> HCIMeOH
: CUMeOH
Boc I} N
o |
Boc

e}

V
i

H
N N N, H
| \\ I RCOOH
L N HATU
oc I} N
o Y\ H
(6]
2HCI
4
H
N N N =
\ g
/g (6] N
R o o )\
© (6] R
Scaffold F can be prepared by the condensing a benzoic 45 -continued

acid derivative, such as 1, with an amino phenol counterpart 2
in the presence of a dehydrating agent, such as polyphospho-

ric acid. The resulting aniline can be acylated using an appro- NO,
priately substituted carboxylic acid, such as N-Boc-L-pro-
line, and an amide bond-forming reagent, such as HATU, and 50 DBU, 14-dioxane
can then be subjected to acidic conditions to remove the Boc 0
group. Compounds 4 can be coupled again with an appropri-
ately substituted carboxylic acid and an amide bond-forming 0N I 0
reagent, such as HATU. o
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Compounds having the benzofuran structure G can be pre-
pared by reacting an appropriately substituted salicylalde-
hyde with a benzyl halide, such as 4-nitrobenzyl bromide, in
the presence of a tertiary amine base to give ethers 2. The
benzylic ethers can be treated with a base, such as DBU, and
heated to elevated temperatures to effect cyclization to the
benzofurans 3. The nitro groups in 3 can be reduced under
catalytic hydrogenating conditions, and the resulting anilines
can be coupled with various carboxylic acids to give the target
compounds G-1.
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For differentially substituted compounds (R, R") having the
benzofuran structure G, the synthesis can be modified by
reacting an appropriately substituted bromo salicylaldehyde
with a benzyl halide, such as 4-nitrobenzyl bromide, in the
presence of a tertiary amine base to give ethers 2. The ben-
zylic ethers can be treated with a base, such as DBU, and
heated to elevated temperatures to effect cyclization to the
benzofurans 3. The aryl bromide can be converted to the aryl
amine by reaction with LHMDS and a palladium catalyst to
provide 4, which can be coupled to an appropriately substi-
tuted carboxylic acid to give 5. The nitro group in 5 can be
reduced under catalytic hydrogenating conditions, and the
resulting aniline can be coupled with a second carboxylic acid
analog to give the target compounds G-2.
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Appropriately substituted aminopyrimidines can be cyclo-
dehydrated after acylation with an appropriately substituted
ketone, such as 4'-nitro-2-bromobenzophenone, by heating in
a solvent, such as MeOH, and an acid source, such as HBr.
The resulting heterocyclic nitro compound can be converted
to the aromatic amine by reduction with a reagent, such as
SnCl,. The final compounds H can be obtained by reacting 4
with an appropriately substituted carboxylic acid and an
amide bond-forming reagent such as HATU.
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Compounds in scheme I can be prepared by reacting the
appropriately substituted aminopyridine with 4'-nitro-2-bro-
mobenzophenone by heating in a solvent, such as acetone,
then effecting a cyclodehydration reaction using methanol
and an acid source, such as HBr. The resulting heterocyclic
nitro compound 3 can be converted to the aromatic amine by
reduction with a reagent such as SnCl,. The final compounds
can be obtained by reacting 4 with an appropriately substi-
tuted carboxylic acid and an amide bond-forming reagent,
such as HATU.
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Compounds in scheme J can be prepared by coupling
indole boronic acids with an appropriately substituted 2-bro-
moindole, such as 2, under standard Suzuki conditions. The
protecting groups can be removed with HCl, and the nitro
group in 4 can be reduced under catalytic hydrogenation
conditions. The penultimate diamine can be coupled with an
appropriately substituted carboxylic acid and an amide bond-
forming reagent, such as BOP, reagent to give compounds
with the targeted central scaffold.
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The synthesis of compounds with the indole core scaffold
K can be prepared using standard Fisher indole synthesis
protocol starting for an aryl hydrazine and a ketone such as 2.
Conversion of the aryl bromide to the aryl amine 4 could be
effected by the Pd-catalyzed reaction with LHMDS. The nitro
group could be reduced and the diamine can be coupled with
an appropriately substituted carboxylic acid and an amide
bond-forming reagent, such as HATU, to give compounds
with the targeted scaffold.
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In an alternative procedure indoles K can be prepared start-
ing from a suitably protected and substituted aminoindole 3.
Lithiation and quenching with a boronate ester affords key
intermediate 4, which can be coupled to an appropriately
substituted aryl or heteroaryl halide to provide targets 5. The
Boc groups can be removed with acid, and the resulting
aniline can be coupled with an appropriately substituted car-
boxylic acid and an amide bond-forming reagent, such as
HATU. The nitro group in 7 can be reduced and coupled in a
second amide coupling reaction to give the desired com-
pounds.
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Tetracyclic indole scaffold L can be prepared as outline in
the scheme above. Cyclization of a carboxylic acid derivative
2 with PPA can provide the ketones 3, which can participate
in a Fischer indole reaction with an appropriately substituted
phenylhydrazine to give 4. The acetamide groups can be
deprotected under acidic conditions and the resulting aryl
amines can be coupled with an appropriately substituted car-
boxylic acid and an amide bond-forming reagent, such as
HATU, to give compounds with the targeted scaffold.
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Scaffold M-1 compounds can be prepared by coupling
proline 2 to amino ketone 1 using standard amide bond-
forming procedures to provide 3, which can be cyclized upon
heating with ammonium acetate at elevated temperatures.
Intermediate 4 can be coupled to indole boronic acids, such as
using standard Suzuki-type conditions. The Boc groups can
be removed with acid, and the resulting aniline can be coupled
with an appropriately substituted carboxylic acid and an
amide bond-forming reagent, such as HATU. The pyrrolidine
protecting group can be removed under hydrogenating con-
ditions, and the resulting amine can coupled in a second
amide coupling reaction to give the desired compounds.

Scheme M-2
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Scaffold M-2 compounds can be prepared by reacting pro-
line 1 with an anion of 4-ethynylbenzene to give intermediate
ketone 2, which can be cyclized with hydrazine. Intermediate
3 can be coupled to indole boronic acids, such as using stan-
dard Suzuki-type conditions. The Boc groups can be removed
with acid and the resulting aniline can be coupled with an

65

1. deprotect
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2.R' COOH
couple

appropriately substituted carboxylic acid, and an amide
bond-forming reagent such as HATU. The pyrrolidine pro-
tecting group can be removed under hydrogenating condi-
tions, and the resulting amine can coupled in a second amide

coupling reaction to give the desired compounds.
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ketone 1 with an aromatic amidine derivative. Products 3 can
Scheme M-3 be processed to the final compounds using methodology simi-

NH, lar to that described in scheme M-2.
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Thiazole analogs of scaffold M can be prepared from the % o
cyclocondensation reaction of Z-proline thioamide 2 with an ﬁ\ o)
alpha-bromoacetophenone. Products 3 can be processed to 35 ©
the final compounds using methodology similar to that 3

described in scheme M-2.
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Imidazole analogs of scaffold M can be prepared from the 6

cyclocondensation reaction of Z-proline bromomethyl
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Isomeric imidazoles can be prepared starting from a pro-
tected amino acid aldehyde, such as 1, and glyoxal in the
presence of ammonia. Halogenation of the resulting imida-
zole 2 with NBS can be followed by a Pd-catalyzed cross
coupling reaction with a functionalized indole boronate ester,
such as 4. Deprotection, reduction and coupling with an
appropriately substituted carboxylic acid and an amide bond-
20 forming reagent, such as HATU, can provide intermediate

compounds 8. A second deprotection/amide-coupling proce-
dure can provide the targeted M-5 scaffold.
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Oxadiazole compounds can be prepared starting from -continued
indole hydrazide 2 and coupling to an amino acid, such as 3 N—N
Z-proline. Cyclodehydration of intermediate 3 can be / \
effected with a reagent, such as TPP/iodine, to give the O
desired oxadiazole, which can be protected on the indole Scheme M-1
. . . . . . N _—
nitrogen with Boc anhydride. Introduction of the boronic acid \ I
Cbz

functional group activates compound 6 for coupling with a

substituted aryl halide 7 to give intermediate 8. Removal of 3
the cbz and Boc groups afford the penultimate structure 10,

which can be coupled with an appropriately substituted car-

boxylic acid and an amide bond-forming reagent to give the 45

targets M-6.
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Oxadiazole analogs of scaffold M can be prepared by
N e . . . . .

Y cyclocondensation reactions of diacylhydrazines 2. Coupling
Cbz 65 to heterocyclic boronic acids using methodology similar to
2 that described in scheme M-1 can provide the targeted com-

pounds.
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Double imidazole containing benzofuran compounds can
be prepared starting from a protected amino acid aldehyde,
such as 2, and glyoxal in the presence of ammonia. Haloge-
nation of the resulting imidazole 3 with NBS can ultimately
provide intermediate 5, which can be coupled to a function-
alized boronate ester, such as 11, to provide 12. Deprotection
and coupling with an appropriately substituted carboxylic
acid and an amide bond-forming reagent, such as HATU, can
provide the targeted M-8 scaffold.
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An alternative synthesis of benzofurans can be realized
starting from benzofuran 1, which can be converted to bor-
onate ester 2, which can then coupled to an appropriately
substituted aryl halide to afford 5. Intermediate 5 can subse-
quently be converted to a functionalized boronate ester and
converted to the final products in a manner similar to that
described in Scheme M-8.
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Benzoxazoles 3 can be prepared starting from a suitable
substituted benzoic acid and an aminophenol, such as 2, in the
presence of polyphosphoric acid. Such products can be con-
verted to the corresponding boronate esters using standard
procedures. Intermediates 4 can subsequently be coupled to a
heterocyclic halide in the presence of a Pd(I) catalyst to
provide compounds 5. Deprotection and coupling with an
appropriately substituted carboxylic acid and an amide bond-
forming reagent, such as HATU, can provide the targeted
M-10 scaffold.
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The compounds in scheme N-1 can be prepared by heating
hydrazines 1 with ketones 2 in a microwave reactor in a polar
aprotic solvent, such as NMP. The indole acetamides 3 can be
deprotected with strong acid, such as HCI. The resulting aryl
amines can be coupled with an appropriately substituted car-
boxylic acid, and an amide bond-forming reagent, such as
HATU, to give compounds of the targeted scatfold.
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Iodo anilines 1 can be coupled to a terminally substituted
alkyne using standard Sonagashira coupling procedures to
give intermediates 2, which can undergo cyclization using a
reagent, such as indium bromide, to provide the indole com-
pounds 3. Protecting groups can be removed with a strong
acid, such as aqueous HCI, and the resulting amine can be
acylated using an appropriately substituted carboxylic acid
and an amide bond-forming reagent, such as HATU. Com-
pounds 5 can then be reduced using hydrogen and a catalyst,
then coupled a second time with a carboxylic acid and HATU
to provide the desired compounds.

Scheme N-3

PdCl,(PPhs),

Cul, BN
O,N NH,
I /K
N @]
. Y H
PdCl,, FeCly
O)N — —_—
NH, HN
2
HN~<
\ O O
reduce
ON N
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-continued -continued
2 N\
HN4< )]\
; ) 0
N 3N HCI R
H

10 Inaslight variation of scheme N-2, iodo anilines 1 can be
NH, coupled to a terminally substituted alkyne using standard
Sonagashira coupling procedures to give intermediates 2,

\ which can undergo cyclization using a reagent such as palla-
dium chloride/ferric chloride to provide the indole com-

N HATU

H

5

LN

pounds 3. Compounds 3 can then be reduced using H,, and
RCOOH the protecting group can be removed with a strong acid, such
as aqueous HCI, and the resulting amines can be acylated
using an appropriately substituted carboxylic acid and an
amide bond-forming reagent, such as HATU.

LN

Scheme O

H H
Br. NH, Br. N ~
E/> couple \Qi O
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\
Br i :N R
: \j Pd
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N
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Scaffold O can be prepared by reacting a protected proline
compound (such as Cbz) with a phenylenediamine analog
and an amide bond-forming reagent, such as HATU, to give
amides 3, which can be cyclodehydrated by heating with a
reagent, such as HOAc. The resulting benzimidazole can be
coupled to an indole boronic acid derivative using standard
Suzuki conditions to provide 5. Removal of the Boc groups
with acid provides 7, which can be acylated using an appro-
priately substituted carboxylic acid, such as Boc-L-proline,
and an amide bond-forming reagent, such as HATU, to give
intermediates 7. The Cbz group can be reduced under cata-
Iytic hydrogenating conditions, and the Boc group can be
deprotected with acid to provide penultimate compounds 9.
Amide bond formation between 9 and carboxylic acids afford
the targeted compounds.

Scheme P-1
O
H ™
NXS
@WN N
R/& vl | NH N
(0] §C Y O%
N Y \
{ | iy
R 0] B
0 e Y o

Heterocycles can be halogenated at C-3 by the action of
electrophilic agents, such as N-halosuccinimides, to provide
targets P-1.

Scheme P-2

Q &
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F 0, R
Boooa >
N
H
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Heterocycles can be fluorinated at C-3 by the action of
electrophilic fluorinating agents, such as SELECTFLUCR, to pro-
vide targets P-1.

15

Scheme P-3
CuCN/
I Br Q DMF
R N A\ R —
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\"/ Y \ &
O B =~
\C Y
CN O,

R % A\ R
T U N?I :
© NP Y

30

C-3 halogenated compounds can be converted to the cor-
responding cyano analogs by cyanating agents, such as
CuCN.

Scheme P-4
ZnCl,/MeMgBr

LTTC-O 1 L

R” Cl

R
0
Q §
N
/ \ j
{ U
R 0
N
O O;\
R

The compounds in scheme P-4 can be functionalized by the
acylating indoles with Grignard reagents and zinc chloride.

Scheme P-5

EtMgBr
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The compounds in scheme P-5 can be functionalized by
deprotonating the indoles with a base such as ethylmagne-
sium bromide and treating the resulting intermediate with
chlorosulfonyl isocyanate. Alternatively, the indoles 3 can be
prepared using Vilsmeier-Haack conditions, which can sub-
sequently be protected and coupled under Suzuki conditions

65

9

to give intermediates 5. The aldehydes can be oxidized using
standard methodology for carboxylic acid formation. Indole
carboxylic acids 6 can be coupled to amines using a reagent,
such as HATU, to give 7, which can be further functionalized
by reduction of the nitro group, deprotection of the Boc group
and coupling of the anilines to an appropriately substituted
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carboxylic acid and an amide bond-forming reagent, such as
HATU.
Scheme P-6
Br 0] &
H S
N A >_\ j ZB(OH),
N = S —
LT oo R
2
8 © N N 2\
H O
R
z O, &
NN )
LV T N
R 0 Baw
0 e N 02\
R
C-3 halogenated compounds can be coupled to a variety of -continued
alkyl and aryl boronic acids using standard Suzuki condi- HN NHAc
tions. \ -
2 base,
N
Scheme Q % o
0O,N EtO
(Et0),CO 30 6
© 7 N NHAc
H \ =
RCOOH
—_—
1 N
o H
35
0N \ >—0Et 7
base
o] H
R N NHAc
)\OEt 40 © N
fo} H
2
O>N
o triflate 45
—_— .
N Compounds of scheme Q can be prepared starting from the
)\ lactam 1. Reaction with ethyl chloroformate and treatment of
S OFr the product with a mild base, such as ammonium carbonate,
3 5o provides intermediate 3, which can be activated for coupling
0N by conversion to the corresponding vinyl triflate 4. Sonagash-
\ ira coupling provides compounds 5, which can be reduced
oTf Pd couple with iron and ammonium chloride to provide aniline 6.
N =———CH,NHAc Deprotection of the indole and coupling of the aniline to an
)\ 35 appropriately substituted carboxylic acid and an amide bond-
g OFt forming reagent, such as HATU, provides the desired targets.
4
OaN NHAc Scheme R
AN 60 —_—
reduce Br. RCOOH/
N O couple
NH,
(6] N
EtO "
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Amide coupling of the aniline from scheme K-1 with an
appropriately substituted carboxylic acid and a coupling
agent can provide intermediates 2, which can then be sub-
jected to Pd-catalyzed cross-coupling reactions to provide the
final targets R.

Scheme S
)I\Ii
J N en /N NG
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1 2
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Compounds in scheme S can be prepared by coupling
indole boronic acids with an appropriately substituted 2-bro-
mobenzoxazoles, such as 5, under standard Suzuki condi-
tions. The nitro group in 6 can be reduced under catalytic
hydrogenation conditions and the protecting groups can be
removed with HCI. The penultimate diamine can be coupled
with an appropriately substituted carboxylic acid and an
amide bond-forming reagent, such as BOP, reagent to give
compounds with the targeted central scaffold.

Scheme T

AlCl;

B e HO Br

N PPA

Br HO Br
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Compounds in scheme T can be prepared by starting from > The following examples serve only to illustrate the inven-
a suitably substituted phenol 3 and a hydrazine reagent, such tion and its practice. The examples are not to be construed as
as 4, using established Fisher indole conditions. The indole 3 limitations on the scope or spirit of the invention.
position can then be functionalized or the indole NH can be

cyclized onto the C-2 aromatic ring using standard conditions LIST OF ABBREVIATIONS

to give tetracycles 8, which can subsequently be converted to Ac,O Acetic anhydride

the corresponding boronate esters using standard procedures. ; ; 5

Intermediates 9 can then be coupled to a heterocyclic halide in gggﬁ?ﬂ %ﬂﬁiiﬁl{gﬁg ropyl borate

the presence of a Pd(II) catalyst to provide compounds 10. BF, Boron trifluoride

Deprotection and coupling with an appropriately substituted 65 BOC, Boc, boc tert-Butyloxycarbonyl

carboxylic acid and an amide bond-forming reagent, such as BOP Benzotriazole-1-yl-oxy-tris-(dimethylamino)-phos-

HATU, can provide the targeted T scaffold. phonium hexafluorophosphate
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BrCN Cyanogen bromide

Bul i, n-BuLi Butyl lithium

CBZ, Cbz, cbz Benzyloxycarbonyl

CDCI,; Deuterio-trichloromethane

CH,CN, MeCN Acetonitrile

Cs,CO; Cesium carbonate

CuBr, Copper(1]) bromide

CuCN Copper(]) cyanide

Cul Copper iodide

DBU 1,8-Diazabicyclo[5.4.0]lundec-7-ene

DCE Dichloroethane

DCM, CH,Cl, Dichloromethane

DIPEA, DIEA Diisopropylethylamine

DMAP 4-Dimethylamino pyridine

DMF Dimethylformamide

DMSO Dimethy! sulfoxide

DPPF, Dppf, dppf 1,1'-bis(Diphenylphosphino)ferrocene

EDC, EDCI N-(3-Dimethylaminopropyl)-N'-ethylcarbo-
diimide

Et,O Diethyl ether

Et;N, TEA Triethylamine

EtMgBr Bromo(ethyl)magnesium or ethyl magnesium
bromide

EtOAc Ethyl acetate

EtOH Ethanol

FeCl, Ferric chloride or Iron(I1I) chloride

H, Hydrogen or hydrogen atmosphere

H,O Water

H,SO, Sulfuric acid

HATU  O-(7-Azabenzotriazol-1-y1)-N,N,N',N'-tetram-
ethyluronium hexafluorophosphate

HBr Hydrobromic acid

HCI Hydrochloric acid

HNO; Nitric Acid

HOAc, HAc Acetic acid

HOBT, HOBt 1-Hydroxy benzotriazole

HPLC High performance liquid chromatography

InBr; Indium tribromide

iPr,NH Diisopropylamine

K,CO; Potassium carbonate

KI Potassium iodide

KIO; Potassium iodate

KOAc, AcOK Potassium acetate

KOH Potassium hydroxide

LDA Lithium diisopropylamide

LHMDS, LiHMDS Lithium hexamethyldisilamide

MeMgBr Bromo(methyl)magnesium or methyl magne-
sium bromide

MeOD Methan(*H)ol

MeOH, CH;OH Methanol

MgSO, Magnesium sulfate

MOC, Moc Methoxy carbonyl

MS Mass spectroscopy

N, Nitrogen or nitrogen atmosphere

Na,CO, Sodium carbonate

Na,SO, Sodium sulfate (anhydrous)

NaClO, Sodium perchlorate

NaH,PO, Dihydrogen sodium phosphate

NaHCO; Sodium hydrogen carbonate (sodium bicarbon-
ate)

NaNO, Sodium nitrite

NaOH Sodium hydroxide

NBS N-bromosuccinimide

NCS N-chlorosuccinimide

NH,OAc Ammonium acetate

NMM N-methylmorpholine
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NMR, "H-NMR Proton nuclear magnetic resonance spec-
troscopy

NXS N-halosuccinimide

P,O, P,O,, Phosphorus pentoxide

Pd Palladium

Pd(dppf)Cl, Dichloro(1,1'-bis(Diphenylphosphino)fer-
rocene) palladium(II)

Pd(I1) Palladium(II)

Pd(PPh;),Cl,, PdCl,(PPh,), Dichlorobis(triphenylphos-
phine)palladium(Il)

Pd(PPh;), Tetrakis(triphenylphosphine)palladium(0)

Pd/C, Pd—C Palladium on carbon

Pd,(dba), Tris(dibenzylidene acetone)dipalladium(0)

PdCl, Palladium(II) chloride

PE Petroleum ether

Phg Phenylglycine

PhCH;, PhMe Toluene

Piv Pivaloyl

PivCl Pivaloyl chloride

POBr, Phosphorus oxybromide

PPA Polyphosphoric acid

PPH,, TPP Triphenylphosphine

Pro Proline

Proc iso-Propylcarbamate

P'Bu, Tri-tert-butyl phosphine

Py Pyradine

PyBOP (Benzotriazole-1-yl-oxy)-tripyrrolidinophospho-
nium hexafluorophosphate

RPLC Reverse phase liquid chromatography

RT, rt, r.t. Room temperature, approximately 25° C.

Si0, Silica or silica gel

SnCl, Stannous chloride or Tin(II) chloride

SOCI, Thionyl chloride

STP Standard temperature and pressure

t-BuLi tert-Butyl lithium

t-BuNO, tert-Butyl nitrate

t-BuOH tert-Butanol

t-BuOK, KOt-Bu Potassium tert-butoxide

TFA Trifluoroacetic acid

TFAA Trifluoroacetic anhydride

THF Tetrahydrofuran

TLC Thin layer chromatography

ZnCl, Zinc chloride

EXAMPLES
Example 1

N-{4-[5-(acetylamino)-1H-pyrrolo[3,2-b]pyridin-2-
yl]phenyl}-1-(phenylacetyl)-L-prolinamide

Step 1

NO, NO,
\ Aczo O \
| — |
F F
H,N N N N
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To a suspension of 2-amino-5-nitropyridine (25.0 g, 0.18
mol) and 0.5 g of DMAP in 200 mL of pyridine, Ac,O (37 g,
0.36 mol) was added drop wise at 0° C. The mixture was
stirred at RT for 5 hours. The volatile was removed in vacuo.
The residue was washed with EtOAc to yield an off-white
solid (28 g, 86%). MS (ESI) m/e (M+H"): 182.
Step 2

NO,
0 | x H, Pd-C
—_—
PP
N N
H
NH
0 | A :
)k /
N N
H

A heterogeneous mixture of 2-acetamido-5-nitropyridine
(28 g, 0.15 mol) and 10% Pd/C (2.8 g) in 300 mL. of MeOH
was stirred in 50 psi of H, for 6 hours. The mixture was
filtered through CeLITE, and concentrated in vacuo to yield a
solid (20.5 g). MS (ESI) m/e (M+H™): 152.

Step 3

J

L HCL NaNO,
3 SaCl, HCL

{
O ﬁ\
)k /
N N
H

NaNO, (5.4 g, 78.2 mmol) was added slowly to a solution
of 2-acetamido-5-aminopyridine (9.0 g, 60 mmol) in 6 M
aqueous HC1 (300 mL.) at 0° C. and was stirred for 45 minutes.
A solution of SnCl, (40.5 g, 180 mmol) in 15 mL of 6 M
aqueous HCl was added, and the reaction mixture was
allowed to warm to RT slowly while stirring for 16 hours. The
reaction mixture was basified with 40 percent aqueous KOH,
extracted with EtOAc (3x), and the organic layers are com-
bined, dried over Na,SO, and concentrated in vacuo to give
the desired compound (3.2 g). MS (ESI) m/e (M+H™): 167.

Step 4

EN
—_—
pH=95
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-continued

N
)k Z )k
N N N
H H

A suspension of the product from step 3 (3.32 g, 20 mmol)
and N-(4-acetylphenyl)acetamide (3.54 g, 20 mmol) in 8 mL
of EtOH was diluted with TEA to adjust the pH to about 9.5.
The resulting reaction mixture was refluxed for 3 hours. The
solvent was removed in vacuo, and the resulting residue was
treated with 5% aqueous citric acid to form a precipitate. The
precipitate was filtrated, washed with water and dried in
vacuo (3.2 g). MS (ESI) m/e (M+H"): 326.

Step 5

N N
0 Na N/N\ 0 PPA
H
H
N N\
\’( m_@m
o]
/ g %O

A mixture of the product from step 4 above (0.6 g, 1.8
mmol) and PPA (5 mL) was heated to 90° C. for 75 minutes
under N,. After cooling to RT, the reaction mixture was
poured to an ice water, neutralized with solid NaOH, while
maintaining the temperature of the mixture at or below RT. A
solution of iso-propanol and DCM (1:3) was added to exact
the organic. The combine organic phase was washed with
brine, dried over Na,SO, and concentrated in vacuo. The
residue was purified by preparative HPLC to yield a solid
(280 mg). MS (ESI) m/e (M+H™): 309.

Step 6

A mixture of the 4-azaindole (280 mg, 0.9 mmol) in 10 mL.
of'3 N HCl was refluxed for 2 hours. The solvent was removed
in vacuo. The residue was purified by HPLC to yield a solid
(120 mg). MS (ESI) m/e (M+H™): 225.



US 9,090,661 B2

95 96
Step 7 A mixture of product from step 7 (10 mg, 0.023 mmol) and
TEA (3 g, 0.03 mmol) in CH,CN (100 mL) was stirred at 0°
C. Acetyl chloride (2 mg, 0.023 mmol) was added dropwise,
HN N and the resulting mixture was stirred at RT for 0.5 hour. The

= \ 5 solvent was evaporated in vacuo, and the residue was purified
| NHp - * by preparative HPLC to afford the desired product (5 mg).
Ay MS (ESI) m/e (M+H™): 482. "H NMR (MeOD): d 8.25 (d,

J=8.4 Hz, 1H), 7.74~7.89 (m, 4H), 7.26~7.32 (m, SH),

Q &
S 7.00~7.02 (m, 2H), 4.63~4.64 (m, 1H), 3.72~3.84 (m, 4H),
' 19°2.18~2.33 (m, 2H), 2.07~2.10 (m, 5H).
Ho N HATU,
o Examples 2-3
15 The compounds of Examples 2 and 3 were prepared in a
similar manner starting from intermediate 7 in step 6.
Example Structure MW Name

654.776 (28)-1-(phenylacetyl)-N-{2-
4-({[2s)-1-

\ (phenylacetyl)pyrrolidin-2-
\ yl]carbonyl }amino)phenyl]-1H-
/ w pytrolo[3,2-b]pyridin-5-

yl}pyrrolidine-2-carboxamide

686.774 benzyl (28)-2-[(2-{4-[({(2S)-1-
[(benzyloxy)carbonyl]pyrrolidin-

H 0O, &
N N N\ \ > \.~ j 2—yl}carbonyl)amino]ph?nyl}-
| NH N 1H-pyrrolo[3,2-b]pyridin-5-
o o =N % yl)carbamoyl]pyrrolidine-1-
0 H O 0 carboxylate

-continued Example 4
NS 2 tert-butyl {(18)-2-[(2S)-2-{[4-(5-bromo-1H-pyrrolo
AN [3,2-b]pyridin-2-yl)phenyl]carbamoyl}pyrrolidin-1-
P~ m yl]-2-0x0-1-phenylethyl }carbamate
H

45
O,
To a suspension of the product from step 6 (23 mg, 0.1 Br

mmol), acid (23 mg, 0.1 mmol) and DIPEA (20 mg, 0.15 N\ \ > \ j
mmol) in 1 mL of CH;CN was added HATU (42 mg, 0.12 | NH N
mmol). The resulting mixture was stirred at RT overnight. # =N
After reaction completed, the mixture was purified by pre- 50 H ©

HPLC (10 mg). MS (ESI) m/e (M+H"): 440. é
Step 8 Boc

> >_\
NH, NH
P A X
i 0 — (j/ NBS |
o 60 F F
H K N Br N Br
\"/N N\ \ % j

5! WNH N NBS (14.9 g, 84 mmol) was added portion wise to a solu-
g Ow tion of compound 3-aminopyridine (14.9 g, 84 mmol) in

65 DMSO (80 mL) and water (20 mL) at 0° C., and the reaction
was stirred at RT for 3 hours. The mixture was poured into
ice-water (250 mL ) and stirred for 30 minutes. The precipitate
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was collected and dried to yield a solid (7.0 g). MS (ESI) m/e
(M+H*): 250. 'H NMR (DMSO): § 7.28 (d, I=7.6 Hz, 1H),
7.03 (d, J=7.6 Hz, 1H), 5.69 (s, 2H).

Step 2

HZNO{

EN

—_—
10
O

)j\ﬁ

15

4-Ethynylacetanilide was prepared using the similar
method shown in Example 1, step 1. MS (ESI) m/e (M+H*):
160.

Step 3
25
NI,
AN
| +
=
Br N Br 30
o Pd(PPhy),Cls, Cul
_—

DMF, E;N

45

To a solution of 3-amino-2,6-dibromopyridine (9.41 g,
37.5 mmol), 4-ethynylacetanilide (4.77 g, 30 mmol) and
Pd(PPh,),Cl, (1.31 g, 1.9 mmol) in a mixture of 150 mL of
Et;N and 50 mL. of DMF was added Cul (0.71 g, 0.4 mmol)
under N,. The resulting mixture was stirred at RT overnight.
The solvent was removed, and the residue was purified by
chromatography (8.5 g). MS (ESI) m/e (M+H"): 331.
'HNMR (DMSO): § 7.59 (d, J=8.8 Hz, 2H), 7.54 (d, 1=8.4
Hz, 2H), 7.21 (d, J=8.8 Hz, 2H), 7.07 (d, J=8.4 Hz, 2H), 2.12
(s, 3H).

50

55

Step 4

TFAA,
Py

1,4-
dioxane

98
-continued
(@]
Br. N\ >;
| \ Vi

Va

N
H

To a 0° C. solution of the product from step 3 (8.5 g, 25.7
mmol) and pyridine (4.0 g, 51.4 mmol) in 50 mL of 1,4-
dioxane was added TFAA (10.8 g, 51.4 mmol). The resulting
mixture was then heated to 100° C. overnight. The mixture
was cooled and poured into 200 mL. of water, and the precipi-
tate was filtered and washed by water then dried to give a solid
(1.3 g). MS (ESI) m/e (M+H"): 331.

Step 5

0
Br N >— 3N HCI
AR &
Y
H

Br N,
| \ i,
N
H

x
Ve

The reaction was conducted similar to that describe in
Example 1, step 6. MS (ESI) m/e (M+H"): 288.
Step 6

Br.
HATU
—_—

NH,

- @

BOC/NH

To a suspension of the product from step 5 (0.1 mmol),
N-Boc-L-Phg-L-Pro-OH (0.1 mmol) and DIPEA (20 mg,
0.15 mmol) in 1 mL of CH,CN was added HATU (42 mg,
0.12 mmol). The resulting mixture was stirred at RT over-
night, concentrated and purified by RPLC to give the desired
compound. MS (ESI) m/e (M+H*): 619. '"H NMR (MeOD
400) : 7.85~7.77 (m, 5 H), 7.43~7.36 (m, 6 H), 6.89 (s, 1 H),
5.50 (s, 1H), 4.54 (d, J=8.0 Hz 1H), 3.93 (t, 1 H), 2.10~1.87
(m, 4 H) 141 (s, 9 H).
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Example 5

(28)—N-{3-chloro-2-[4-({[(2S)-1-(phenylacetyl)
pyrrolidin-2-yl]carbonyl }amino)phenyl]-1H-pyrrolo
[2,3-c]pyridin-5-y1}-1-(phenylacetyl)pyrrolidine-2-
carboxamide

Cl

5 (@] N / g

Step 1

NO,» . Pd/C NH,
AN 2 AN
P =
H,N N H,N N

A heterogeneous mixture of 2-amino-4-methyl-5-nitropy-
ridine (4.15 g, 27 mmol) and 10% Pd/C (0.4 g) in 50 mL of
THF was stirred in 50 psi of H, for 3 hours. The mixture was
filtered through CevLite and concentrated to yield a yellow
solid (3.20 g). MS (ESI) m/e (M+H*): 124. 'H NMR
(DMSO): § 7.38 (s, 1 H), 6.16 (s, 1 H), 4.84 (s, 2 H), 4.06 (s,
2 H), 1.96 (s, 3 H).

Step 2

o]
N %
Cl
Z
H,N N
N
0 AN
% / o]
N N
H

A mixture of diamine from step 1 (3.20 g, 26 mmol), TEA
(5.25 g, 52 mmol) and a catalytic amount of DMAP in THF
(100 mL) was stirred at 5-10° C., then treated with pivaloyl
chloride (3.74 g, 31 mmol). The resulting mixture was stirred
at RT for 5 hours, diluted with a 5% solution of citric acid, and
extracted with EtOAc. The combined organic extracts were
sequentially washed with water and brine, dried, filtered, and
the filtrate was concentrated in vacuo to yield a residue. The
residue was purified by column chromatography on silica gel
to afford 7.4 g of the desired compound. MS (ESI) m/e
(M+H™): 292. "THNMR (CDCl,): 8 8.77 (s, 1 H), 8.47 (s, 1 H),
8.20(s,1 H),7.15 (s, 1 H), 2.24 (5,3 H), 1.30~1.32 (m, 18 H).
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Oj :\j
NH N
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Step 3
0
SOClL
—_—
O,N
i 0
NN
Cl H
0N
0
Il\I/
0
0,N ~

To a cooled solution of 4-nitrobenzoic acid (12 g, 72 mmol)
in 50 mL of PhMe was added 20 mL of SOCI, drop wise.
After the addition, the suspension was heated to reflux for 4
hours. The solvent was removed, and the residue was azeo-
troped with 50 mL of PhMe to afford 14.5 g of crude acid
chloride. To a solution of TEA (101 g, 100 mmol), a catalytic
amount of DMAP and N,O-dimethylhydroxylamine (5.3 g,
87 mmol) in 100 mL of DCM was added drop wise 14.5 g of
the freshly prepared acid chloride in 100 mL of DCM. The
resulting mixture was stirred at RT for 5 hours, then diluted
with a 5% solution of citric acid, and extracted with DCM.
The combined organic extracts were sequentially washed
with water and brine, dried and filtered, and the filtrate was
concentrated to yield a residue. The residue was purified by
column chromatography on silica gel to afford 7.0 g of the
Weinreb amide. MS (ESI) m/e (M+H*): 211. 'H NMR
(CDCl,): 8 8.25 (d, J=8.8 Hz, 2 H), 7.82 (d, J=9.6 Hz, 2 H),
3.52 (s,3 H),3.82 (5,3 H).

Step 4

_~ W, Pd—cC

0-N
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-continued

LN

A heterogeneous mixture of the nitro compound above and
10% Pd/C in THF was stirred at STP with a balloon of H, for
3 hours. The mixture was filtered through CevLitE, and con-
centrated to yield a yellow solid MS (ESI) m/e (M+H"): 181.
Step 5

EtzN
| Cl

LN

0
0 /@)‘\T/
o)
\~)}\N ~
H

The product from step 4 was pivaloylated using conditions
described in step 2. MS (ESI) m/e (M+H*): 265. "H NMR
(CDCl,): 8 7.66 (d, J=8.4 Hz, 2 H), 7.56 (d, J=8.8 Hz, 2 H),
3.51(s,3 H),3.32 (5,3 H).

Step 6

0
0 N~
d| :
%N b
i
N
0 x BulLi
\{)‘\ =z O
N N
i
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-continued

NH

A solution of compound isolated from step 2 above (2.2 g,
7.5 mmol) in 15 mL of THF was cooled to below -40° C.
t-Buli in hexane (15 mL, 2.5 M, 37.5 mmol) was added
dropwise, and the resulting solution was stirred at -40° C. for
1 hour. A solution of compound from step 5 (2.2 g, 8.25
mmol) in 10 mL, of THF was added drop wise, and the result-
ing solution was continued to stir at this temperature for 30
minutes before being warmed to RT and stirred for 30 minutes
again. An aqueous 5% citric acid solution was added to
quench the reaction, which was extracted with DCM (x3),
and the combined organic layers were washed with water and
brine, dried over Na,SO, and concentrated in vacuo. The
residue was purified by preparative HPL.C to yield a solid (0.4
g). MS (ESIT) m/e (M+H™): 495. "H NMR (CDCl,): 3 8.85 (s,
1 H), 8.68 (s, 1 H), 8.26 (s, 1 H), 8.03-8.05 (m, 3 H), 7.21 (d,
J=8.8 Hz, 2 H), 7.53 (s, 1 H), 4.20 (s, 2 H), 1.33-1.29 (m, 27
H).

Step 7
e}
O HN
HN
/ \ aq. HBr
(6] N _—
- heat
NH
e}
N AN
| \ NH,
N F N
H

A solution of the product from step 6 (400 mg, 0.8 mmol)
in 33% aqueous HBr (15 ml) was refluxed overnight. After
cooling, the mixture was concentrated in vacuo. The residue
was purified by preparative HPLC to give a solid (120 mg).
MS (BSI) m/e (M+H*): 225. 'H NMR (MeOD): § 8.04 (s, 1
H), 7.78 (d, 2 H), 7.04 (d, 2 H), 6.86 (s, 1 H), 6.71 (s, 1 H).
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Step 8

H,N
HATU, DIEA

NH,

O\/ij\y(N|\\
0 N A\

(6] H

The product from step 7 was coupled to 2 equivalents of
N-phenylacetyl-L-proline using 2 equivalents of HATU and
DIEA in a manner similar to that shown in Example 1. MS
(ESI) m/e (M+H™): 687. "H NMR (MeOD):  8.49~8.57 (m,
1H),7.38~7.45 (m, 2 H), 7.72 ~7.80 (m, 2 H), 5.15~5.20 (m,

25

4T1), 4.42~4.50 (m, 2 H), 3.57~2.59 (m, 4 H), 2.31~2.42 (m, 30

4 H), 1.89~2.15 (m, 6 H).
Step 9

Cl
N
Ph |\ \
0 N AN
H

To a solution of product from step 8 (15 mg, 0.02 mmol) in
2 mL of dry THF was added NCS (2 mg, 0.015 mmol). The
resulting mixture was stirred at RT for 30 minutes. The sol-
vent was evaporated, and the residue was purified by prep
HPLC to give 5 mg of the desired product. MS (ESI) m/e
(M+H"): 689. 'H NMR (MeOD): 8 8.53 (s, 1 H), 7.91 (4,
J=9.2 Hz, 2 H), 7.77 (d, J=8.8 Hz, 2 H), 7.49 (s, 1 H),
7.20~7.23 (m, 10H), 4.53~4.59 (m, 2 H), 3.64~3.79 (m, 8 H),
1.98~2.25 (m, 8 H).

60

65

\ j NCS
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Example 6

(28)—N-{3-chloro-2-[4-({[(2S)-1-(phenylacetyl)
pyrrolidin-2-yl]carbonyl }amino)phenyl]-1H-pyrrolo
[2,3-b]pyridin-5-y1}-1-(phenylacetyl)pyrrolidine-2-
carboxamide

5

106

cl 0 -
N x
QY oo
0 © N/ X o

Step 1

| A KL, KIOs, H,S04, 1,0

100 C
N NH,

2-Amino-5-nitropyridine (7.00 g, 50.0 mmol) was dis-
solvedin H,SO, (2 M, 100 mL). Potassium iodate (4.28 g, 20
mmol) was added portion at RT with stirring. The solution
was heated to 100° C. under reflux. Potassium iodide (8.00 g,
48.2 mmol) was added drop wise over 1 hour as a solution in
water (20 mL). A brown solution resulted, with solid iodine
collecting in the reflux condenser. Heating at reflux was con-
tinued for 30 minutes, and the mixture was cooled to RT. The
mixture was adjusted to pH 7 with the careful addition of solid
NaHCO;. The mixture was diluted with water (200 mL.) and
CH,Cl, (250 mL) was added. Solid sodium thiosulfate was
added with vigorous stirring until the iodine coloration had
been disappeared. A significant amount of yellowish solid
remained out of solution, which was collected by filtration,
washed with water and dried to give a yellow solid (10.5 g).
The CH,CI, fraction was filtered through a silicone-treated
filter paper and evaporated to give a yellow solid (2.4 g). The
solids were combined to give the desired iodopyridine (12.7
2). MS (ESI) m/e (M+H*): 266. "H NMR (DMSO): 8 8.89 (s,
1 H),8.62 (s, 1 H), 7.75 (bs, 1 H).

Step 2

0
< N
HN —
0,N I
| I Cul, PACLy(PPhy),, EN
P

N NH,
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-continued

A solution of the iodide (1.05 g, 4.8 mmol), 4-ethynylac-
etanilide (636 mg, 4.0 mmol) and Pd(PPh;),Cl, (76 mg, 0.4
mmol) in 10 mL of Et;N and 5 mL. of DMF was stirred at RT
over 17 hours under N,. The solvent was removed, and the
residue was purified by column chromatography to give the
product (0.9 g). MS (ESI) m/e (M+H*): 297. 'H NMR
(DMSO0): § 10.11 (s, 1H), 8.80 (s, 1H), 8.22 (s, 1H), 7.59 (s,
1H), 2.01 (s, 3H).

Step 3

t-BuOK, DMF, 70 C
NH,
ON N
m A

Z

N >—

N H
0

To a solution of the product from step 2 (730 mg, 2.5 mmol)
in 3 mL of THF and 6 mL of DMF was added t-BuOK (580
mg, 5.25 mmol). The resulting mixture was heated to 70° C.
for 6 hours. The solvent was removed and 10 mL of DCM, 5
ml of water was added, and the resulting precipitate was
filtered to give the desired product as a yellow solid (680 mg).
MS (ESI) m/e (M+H*): 297. '"H NMR (DMSO): § 10.11 (s, 1
H), 8.96 (s, 1 H), 8.65 (s, 1 H), 7.88 (d, J=8.8 Hz, 2 H), 7.63
(d, J=8.8 Hz, 2 H), 6.98 (s, 1 H), 2.02 (s, 3 H).
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Step 4
O,N
N/ g }7
O,N N ©
N7 N

The synthetic method for the removal of the acetyl group
was the same as used in Example 1, step 6. MS (ESI) m/e
(M+H™): 285.

Step 5

O,N
\ \
| NH, +
Vi
N
(0]
O_{ HATU
N OH —

0
0 &
O>N &
~ <
N/ i 0

The synthetic method used for the coupling of the proline
analog to the aniline prepared in step 4 was the same as used
in Example 1, step 7. MS (ESI) m/e (M+H"): 470.

Step 6

A heterogeneous mixture of product from step 6 (20 mg,
0.04 mmol) and 10% Pd/C in 5 mL. of MeOH was stirred in 10
psiof H, for 3 hours. The mixture was filtered through CELITE,
and concentrated in vacuo to yield a yellow solid (17 g). MS
(ESI) m/e (M+H™"): 440.
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Step 7
Q §
H,N
N A - j
m—O— NI N HATU
N/ N @
i 0

(6] N

AN oo
TN @

The product from step 6 was coupled to 1 equivalent of
N-phenylacetyl-L-proline using 1 equivalent of HATU and
DIEA in a manner similar to that shown in Example 1. MS
(ESI) m/e (M+H*): 655. '"H NMR (MeOD): 3 8.26 (s, 1 H), 30
8.19(s,1 H),7.30~7.51 (m, 3 H), 7.18~7.27 (m, 1 H), 6.65 (s,
1H), 4.51~4.56 (m, 2 H), 3.61~3.76 (m, 8 H), 1.95~2.15 (m,

8 H).
Step 8

O Ny
§ .‘f j
N AN B \
Q/il’( m_@ NH N &
O =
0 N X o

cl Q o
N AN
QY oo
0 © N/ X o

To a solution of product from step 7 (30 mg, 0.04 mmol) in
4 mL of dry THF was added NCS (4 mg, 0.03 mmol). The ,
resulting mixture was stirred at RT for 30 minutes. The sol-
vent was evaporated, and the residue was purified by prep
HPLC to give the desired product. MS (ESI) m/e (M+H™"):
690. 'H NMR (MeOD): & 8.29 (s, 1 H), 8.20 (s, 1 H),
7.81~7.84 (m, 2 H), 7.66~7.69 (m, 2 H), 7.18~7.29 (m, 10H), 5
4.52~4.55 (m, 2 H), 3.62~3.78 (m, 8 H), 1.90~2.29 (m,
8 H).
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Example 7

N-[4-(3-0x0-7-{2-0x0-2-[(28)-1-(phenylacetyl)pyr-
rolidin-2-yl]ethyl}-3,7-dihydroimidazo[1,2-a]
pyrazin-2-yl)phenyl]-1-(phenylacetyl)-L-prolina-
mide

Step 1

HBr, DMSO

—_—

0
0
i1
0N

To a stirred solution of 4-nitroacetophenone (20 g, 121
mmol) in 100 ml of DMSO was added slowly 42 ml of 48%
aqueous HBr (363 mmol). The solution was stirred in an open
flask at 55° C. and the reaction was followed by TL.C. When
the starting material was consumed, the solution was poured
into ice. The solid products were filtered, washed with water,
and dried under vacuum at RT over P,O..

Step 2

O
6] N/\(NHZ
A
H k/N
0.N
N
HN/Y \ .
K/N
@]

Arylglyoxal hydrate (5 g, 27.8 mmol) was added in one
portion over a slurry of the heterocyclic amine (2.773 g, 29.2
mmol) in methylene chloride (10 ml). The resulting suspen-
sion was treated with 1 drop of freshly distilled BF;Et,O and
stirred until most of the amine was consumed. The reaction
products were isolated as hydrates by filtration of the thick,
intensely colored reaction mixture. The residue obtained by
concentration is allowed to cool, filtered with suction, washed
twice with diethyl ether and dried under reduced pressure to
give the desired product (4 g). MS (ESI) m/e (M+H™"): 256.

0:N

BF3, Et,O
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Oj :\j

N

H N
O&@

Step 3

@\/i{\\gm

1. CICOOEt

—_—

2.CILN,

CHN,

¢}

The N-protected proline (10 g, 42.8 mmol) in dry ether (60
ml) and THF (60 ml) was stirred under argon at -25° C. TEA
(42.8 mol, 4.08 ml) and ethyl chloroformate (42.8 mmol, 2.6
4.14 ml) were added to this solution. The solution was stirred
for further 30 minutes, the temperature then allowed to reach
-10° C., and the diazomethane solution in ether (2-3 equiva-
lents) was added drop wise. The suspension was stirred for an
additional 3 hours and allowed to reach ambient temperature.
The triethylamine hydrochloride was then filtered off, and the
filtrate was evaporated to half of its original volume. The
resulting solution was washed with saturated aqueous
NaHCO; (50 ml) and brine (50 ml). The organic layer was
dried and evaporated to give a crude product, which was used
without further purification. MS (ESI) m/e (M+H™"): 258.
Step 4

CHN,
HBr, HOAc

Br

¢}

To a solution of a-diazoketone (2 g, 7.78 mmol) in glacial
HOACc (25 ml) was treated with 48% HBr (2.8 ml) drop wise
with stirring. After stirring for 1 hour, the reaction mixture
was extracted with DCM and washed with water. Evaporation
of'the solvent and crystallization from ether-pet ether gave the
pure product. MS (ESI) m/e (M+H™): 310.
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Step 5

Br

O

HN@NZO <:>

NO,
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E4;N, THF

—_—
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-continued

N Cr N\ ‘o,

The product from step 4 (420 mg, 1.35 mmol) and the
heterocycle from step 2 (347 mg, 1.35 mmol) in THF (2 ml)
were stirred at RT overnight with Et;N (0.3 mL). When the
reaction was completed, the mixture was concentrated, and

the residue was purified by RPLC to give the product (300
mg). MS (ESI) m/e (M+H™"): 486.
Step 6
N/YN\ &
NO,
0 K/N

60

65

A solution of the product from step 5 (180 mg, 0.371
mmol) in absolute EtOH (3 ml) was added to stannous chlo-
ride dihydrate (418.6 mg, 1.85 mmol), and the mixture was
stirred at 70° C. for 2 hours. The reaction mixture was cooled
to RT and poured into ice/water (50 ml), and the pH was made
strongly alkaline by the addition of saturated NaOH (100 ml)
before being extracted with EtOAc (2x). The organic phase
was combined and washed with brine, dried by MgSO,,, fil-
tered, and concentrated to yield the crude product (150 mg).
MS (ESD) m/z: (M+H") 456.
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Step 7

ges

6}

The mixture of the product from step 6 (30 mg, 0.066 20

mmol), N-phenylacetyl-L-proline (46.08 mg, 0.197 mmol),
DIPEA (50.1 mg, 0.197 mmol) in CH;CN (2 mL) was stirred
at RT for 5 minutes, then HATU (74.86 mg, 0.197 mmol) was
added into the mixture. The mixture was stirred at RT over-
night, concentrated, and the residue was purified by RPLC to
give the desired compound (20 mg). 'H NMR (DMSO) &:
9.26 (s, 1H), 8.84-8.86 (m, 2H), 7.79-8.03 (m, 4H), 7.11-7.31
(m, 12H), 4.41~4.63 (m, 2H), 3.52~3.80 (m, 12H), 2.26~2.12
(m, 2H), 1.87~1.75 (m, 6H).

25

30
Example 8
(28)-1-(cyclobutylcarbonyl)-N-{2-[4-({[(2S)-1-(py-
ridin-3-ylcarbonyl)pyrrolidin-2-yl]carbonyl }amino)
phenyl]-1H-benzimidazol-5-yl}pyrrolidine-2-car- 35
boxamide
H
N
N
(6]
(6]
Step 1
50
NH,
O
ON NH, 55
LN PPA
OH

O,N N

N

H
65

p-Aminobenzoic acid (0.200 g, 1.45 mmol) and nitrophe-
nylene diamine (0.221 g, 1.45 mmol) were added into PPA

116

RCOOH
e ——
HATU

NH,

(30 mL). The mixture was stirred at 210° C. for 20 minutes.
Then, it was poured into ice water and extracted with DCM.
The organic layer was washed with brine, dried (NaSO,),
filtered and concentrated to afford 200 mg of the desired
compound. MS m/z: 255 (M+1).

Step 2

7.

OH

O

HOBt DIPEA
EDCI, DMF, RT

:,,,

Y
A
-continued
0,N N
ﬁ )
g }._j
H

OC

Compound from step 1 above (1.2 g, 4.7 mmol), N-Boc-
proline (1.52 g, 7.07 mmol), EDCI (1.8 g, 9.44 mmol), HOBT
(1.27 g, 9.44 mmol) and DIPEA (2.4 g, 18.8 mmol) were
taken in DMF (30 mL) and stirred for overnight at RT. DMF
was removed under reduced pressure, and the residue was
extracted with DCM/water. The organic layer was washed
with brine, dried (NaSO,), concentrated and purified by col-
umn (DCM: MeOH/100:1) to afford 1.2 g of the desired
compound. 'H NMR (MeOD) & 8.49 (s, 1H), 8.28-8.19 (m,
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3H), 7.79-7.76 (d, J=4.4 Hz, 2H), 7.72-7.65 (m, 1H), 4.41-
4.29 (t, J=8.8 Hz, 1H), 3.59-3.51 (m, 2H), 2.18-1.95 (m, 4H),

1.49 (s, 9H).
Step 3
O,N N
S — =
N ;
H J
@) N
Boc/
O>N N
H
Iy

Compound from step 2 (0.600 g, 1.06 mmol) was stirred in
MeOH/HC1 (10 mL) for 1 hour at RT, and solvent was
removed under reduced pressure. The resulting compound
was dried at high vacuum to afford 370 mg of desired com-

pound.
Step 4
HO —N
O,N N
N )—\\/‘ HATU, DIPEA
0 N
“HCI H
0N

N N
: < > N
N \[(\
I (0]
o x
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-continued
0N N ;/>
g \[r\
° o | N
F

The product from step 3 (0.370 g, 1.052 mmol), pyridine-
3-carboxylic acid (0.157 g, 1.27 mmol), HATU (1.2 g, 3.18
mmol) and DIPEA (0.814 g, 6.36 mmol) were taken in DMF
(10 mL) and stirred for overnight at RT. DMF was removed
under reduced pressure, and the residue was extracted with
DCM/water. The organic layer was washed with brine, dried
(NaSO,), concentrated and purified by column (DCM:
MeOH/100:1) to afford 300 mg of desired compound. 'H
NMR (MeOD) 8 ppm: 0.883 (s, 1H), 0.87-0.85 (d, J=4.4 Hz,
1H), 8.49 (s, 1H), 8.21-8.18 (m, 1H), 8.17-8.10 (m, 3H),
7.98-7.95(d, J=8.8 Hz, 2H), 7.73-7.68 (m, 1H), 7.60-7.51 (m,
1H), 4.79-4.76 (t, J=6 Hz, 1H), 3.77-3.73 (m, 2H), 3.27-3.19
(m, 2H), 2.19-2.12 (m, 2H).

Step 5

N

Y

g T\
O

-

-

N

Vs

The product from step 4 (0.300 g, 0.657 mmol) was taken
in MeOH (10 mL.) and Pd/C (0.07 g) was added under N,. The
reaction was stirred for overnight at RT under H,. The Pd/C
was filtered through CeLITE, and the filtrate was concentrated
under reduced pressure to afford 234 mg of desired com-
pound.
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Step 6

ILN. z

H S HOBt, DIPEA
o | XN EDCL, DMF, RT
/
H
N N N,
\>—< >—NH .
Boc 0 S j
N ? ;
H
[e) N
(@]
[
/

The product from step 5 (0.370 g, crude), N-Boc-proline
(0.157 g, 1.27 mmol), HATU (1.2 g, 3.18 mmol) and DIPEA
(0.814 g, 6.36 mmol) were taken in DMF (10 mL) and stirred |
for overnight at RT. DMF was removed under reduced pres-
sure, and the residue was extracted with DCM/water. The
organic layer was washed with brine, dried (NaSO,), concen-
trated and purified by column (DCM: MeOH/100:1) to afford
300 mg of targeted compound.

Step 7
i F
N\ ?/\
i
N ) N HCUMeOH
NH I
N 0 SN
b O |
0C
/

H g
N
N ®
O
NH
N
H @]

The product from step 6 (0.600 g, 1.06 mmol) was stirred ¢o
in MeOH/HCI (15 mL) for 1 hour at RT, and the solvent was
removed under reduced pressure. The compound was dried at
high vacuum to afford 370 mg of desired compound. ‘"H NMR
(MeOD) &: 9.39 (s, 1H), 9.18-8.82 (m, 2H), 8.39-8.38 (m,
1H), 8.32-8.22 (m, 1H), 8.21-8.10 (m, 2H), 8.09-7.98 (m, 65
2H), 7.86-7.72 (m, 1H), 7.71-7.65 (m, 1H), 4.87-4.84 (1,
J=8.8 Hz, 2H), 3.51-3.34 (m, 8H), 2.49-2.38 (m, 4H).

120
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Step 8

N
H AN
N.
NH
(o]
N.
H N
N.
N
o]

O

The product from step 7 (0.100 g, 0.191 mmol), cyclobu-
tanecarboxylic acid (0.018 mg, 0.183 mmol), HATU (0.116
g,0.305 mmol) and DIPEA (0.059 g, 0.416 mmol) were taken

in DMF (5 mL) and stirred for overnight at RT. DMF was »

removed under reduced pressure, and the residue was
extracted with DCM/water. The organic layer was washed
with brine, dried (NaSQO,) and concentrated. The residue was
purified by HPLC purification to afford 12 mg of the final
product. "HNMR (MeOD) &: 8.91 (s, 1H), 8.75 (s, 1H), 8.41

122

HATU, DIPEA, DMF
R—COOH

(s, 1H), 8.25 (s, 1H), 7.96-7.95 (d, J=5.2 Hz, 4H), 7.73-7.67
(d, J=3.2 Hz, 2H), 7.52-7.51 (d, J=3.2 Hz, 1H), 4.54-4.82 (t,
J=3.6 Hz, 2H), 3.63-3.46 (m, 4H), 2.48-2.46 (t, =2 Hz, 1H),
2.34-2.29 (m, 6H), 2.18-2.10 (m, 4H), 2.08-2.02 (m, 4H).

Examples 9-15

Compounds of Examples 9-15 were prepared in a similar
manner to Example 8.

Example Structure

MW Name

9

DO

N
\

N

H

10

QN@

oz

11

Lren-0

.\\\

626.721 (28)-1-(phenylcarbonyl)-N-{4-
5-({[(25)-1-
(phenylcarbonyl)pyrrolidin-2-
yl]carbonyl}amino)-1H-
benzimidazol-2-
yl]phenyl}pyrrolidine-2-
carboxamide

682.83 (285)-1-[(4Z,5Z)-4-
ethylidenehept-5-enoyl]-N-{2-
[4-({[(28)-1-(-
phenylpropanoyl)pyrrolidin-2-
yl]carbonyl }amino)phenyl]-1H-
benzimidazol-5-yl}pyrrolidine-
2-carboxamide

682.83 (285)-1-[(4Z,5Z)-4-
ethylidenehept-5-enoyl]-N-{2-
B3-(1(28)-1-G-
phenylpropanoyl)pyrrolidin-2-
yl]carbonyl }amino)phenyl]-1H-
benzimidazol-5-yl}pyrrolidine-
2-carboxamide

h@
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-continued

MW Name

123
Example
\/
Q%
O
oH
13
H
N N N
A
O © N
H
14

15

686.774 (28)-1-[(2R)-2-hydroxy-2-

N phenylacetyl]-N-(4-{5-[({(2S)-1-
AN NI [(2R)-2-hydroxy-2-
e‘\j phenylacetyl]pyrrolidin-2-
N
H

yl}carbonyl)amino]-1H-
benzimidazol-2-
yl}phenyl)pyrrolidine-2-
carboxamide
,.n\OH

N

654.776 (28)-1-(phenylacetyl)-N-{4-[5-

({[(28)-1-(phenylacetyl)
pyrrolidin-2-ylJcarbonyl}
amino)-1H-benzimidazol-2-

yl]phenyl}pyrrolidine-2-
\”/\ N carboxamide

885.041 tert-butyl {(18)-2-[(2S)-2-({4-

[5-({[25)-1-{(25)-2-[(tert-
butoxycarbonyl)amino]-2-
NH phenylacetyl}pyrrolidin-2-
yl]carbony! }amino)-1H-
Hj benzimidazol-2-yl]phenyl}
o N carbamoyl)pyrrolidin-1-yl]-2-
oxo-1-phenylethyl }carbamate

885.041 tert-butyl {(1R)-2-[(28)-2-({4-

[5-({[(28)-1-{ 2R -2 (tert-
butoxycarbonyl)amino]-2-
NH phenylacetyl}pyrrolidin-2-
yl]carbony! }amino)-1H-
)_{j benzimidazol-2-yl]phenyl}
o N carbamoyl)pyrrolidin-1-yl]-2-
oxo-1-phenylethyl }carbamate
O
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Example 16

Benzyl (2S)-2-{[4-(4-{[(4-methylphenyl)sulfonyl]

amino}-1H-benzimidazol-2-yl)phenyl]
carbamoyl}pyrrolidine-1-carboxylate

Z,

NH

Step 1
NO,
0
N> gaTU
BocHN + e
on
NI,
NHBoc
NO,
)i
N
0
NH,

To a solution of N-Boc-p-aminobenzoic acid (1.86 g, 7.84
mmol) in DMF, 3-nitrophenylenediamine (1.0 g, 6.536
mmol), HOBt (0.875 g, 6.536 mmol) and EDCI (2.5 g, 9.804
mmol) were added, and reaction was stirred for overnight at
RT. The excess of solvent was removed under reduced pres-
sure, and the residue was diluted with DCM. The organic
layer was washed with brine, dried (NaSO,,), filtered, concen-
trated and purified by column to obtain 400 mg of compound.
MS m/z: 273 (M+1).

Step 2

NHBoc
NO,
H AcOH
N —_—
@]
NH,

NO,
N
\>_©7 .
N
H

The compound from step 1 above (0.600 g, 1.611 mmol)
and KOAc (0.158 g, 1.609 mmol) were taken in HOAc (9.3
mL). The reaction was stirred at 120° C. for overnight, cooled
to RT and poured into ice-water. The aqueous layer was
extracted with DCM. The organic layer was washed with
brine, dried (NaSQ,), filtered and concentrated to obtain 120
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mg of the desired compound. MS m/z: 255 (M+1). '"H NMR
(DMSO) &: 11.44 (s, 1H), 8.95-9.01 (m, 2H), 8.81-8.83 (d,
J=8.0Hz, 2H), 8.22-8.27 (m, 1H), 8.22-8.27 (m, 2H), 4.97 (s,
2H).

Step 3
NO,
N N-Boc-proline
_—
N HATU, DIPEA
NH; CH;CN, RT
N
it
NO,
N =/>
N
N
N
H ]|300
0

To a solution of the aniline (0.200 g, 0.787 mmol) in DMF,
N-Boc-proline (0.186 g, 0.865 mmol), DIPEA (0.302 g,
2.361 mmol) and HATU (0.329 g, 0.865 mmol) were added.
The reaction was stirred for overnight. The excess of solvent
was removed under reduced pressure, and the residue was
diluted with DCM. The organic layer was washed with brine,
dried (NaSQ,), filtered, concentrated and purified by column
to obtain 150 mg of the desired. MS m/z: 452 (M+1). 'H
NMR (MeOD) d: 8.70-8.73 (m, 2H), 8.40-8.42 (d, J=8 Hz,
2H), 7.87-7.89 (d, I=8 Hz, 1H), 7.50-7.53 (m, 2H), 6.78-6.80
(d, I=8 Hz, 1H), 3.83 (s, 1H), 3.69-3.76 (m, 2H), 3.56-3.60
(m, 4H), 1.37-1.43 (m, 9H).

Step 4

NO,

To a solution of compound from step 3 above (0.200 g,
0.443 mmol), Pd/C (10 mg) was added under argon, and the
reaction was stirred for 2 hours in H,. The Pd/C was filtered
and washed with MeOH for several times. The solvent was
evaporated to obtain 180 mg of desired compound. MS m/z:
422 (M+1). "H NMR (MeOD) : 9.51 (s, 1H), 7.95-8.20 (m,
1H), 7.58-7.60 (m, 1H), 7.19-7.48 (m, 2H), 6.78-6.87 (m,
2H), 6.38 (s, 1H), 4.25-4.42 (m, 1H), 3.34-3.67 (m, 2H),
1.79-2.20 (m, 4H), 1.17-1.41 (m, 9H).



US 9,090,661 B2

127 128
Step 5
@]
I
NI, s\
N §/> (4/ Cl
) T L
(@]
@]
(4/ N\ 7/\N
0 I
NH Boce

To a solution of the compound from step 4 above (0.196 g,
0.465 mmol) in THF, TEA (0.070 g, 0.693 mmol) and 4-me-
thylbenzene-1-sulfonyl chloride (0.088 g, 0.461 mmol) were
added drop wise at 0° C. The reaction was stirred for over-
night, and the solvent was removed under reduced pressure.
The residue was diluted with DCM and washed with brine.
The organic layer was dried (NaSO,), filtered and concen-
trated. The residue was purified by preparative TLC to afford
110 mg of desired compound. MS m/z: 576 (M+1). '"H NMR
(MeOD) &: 7.98-8.00 (d, J=8.0 Hz, 2H), 7.78-7.80 (d, J=8.0
Hz, 2H), 7.66-7.68 (d, J=8.0 Hz, 2H), 7.26-7.28 (m, 11H),
7.19-7.21 (d,J=8.0 Hz, 2H), 7.07-7.09 (m, 2H), 4.36-4.38 (m,
1H), 3.55-3.58 (m, 2H), 2.32-2.35 (m, 4H), 1.89-2.11 (m,

3H), 1.50 (s, 9H).
Step 6
! g F
“~NH
IS
NH ©

o

H H
g
0 A
= o]

NH

35

40

45

N

The product from step 5 above (0.180 g, 0.312 mmol) was
stirred in MeOH/HCI (5.0 mL) for 1 hour at RT. The solvent
was removed under reduced pressure and dried at high
vacuum. It was used directly without any further purification.
The residue was taken in DMF, benzoic acid (0.042 g, 0.344
mmol), DIPEA (0.320 g, 2.504 mmol) and HATU (0.143 g,
0.375 mmol) were added. The reaction was stirred for over-
night at RT. The excess of solvent was removed under reduced
pressure, and the residue was diluted with DCM. The organic
layer was washed with brine, dried (NaSQ,), filtered, concen-
trated and purified by column to afford 40 mg of the final
compound. MS m/z: 580 (M+1). "H NMR (MeOD) &: 7.92-
7.94 (d, I=8.8 Hz, 2H), 7.23-7.68 (m, 14H), 6.81-6.83 (d,
J=10Hz, 1H), 5.21 (s, 2H), 4.65-4.79 (m, 1H), 3.52-3.89 (m,
2H), 2.47-2.58 (m, 1H), 2.43 (s, 3H), 1.93-2.23 (m, 3H).

(1) MeOH/HCI

—_—

(2) CbzCl

Boc

-
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Example 17
(2S)-1-(3-phenylpropanoyl)-N-{4-[5-({[(2S)-1-(3-
phenylpropanoyl)pyrrolidin-2-yl]carbonyl}amino)-1,

3-benzoxazol-2-yl]phenyl }pyrrolidine-2-carboxam-
ide

Step 1

O
H2N4®_<
OH

OH
25

H,N NH,

PPA
30

HoN 35

N
\>_O .
(6]
40

p-Aminobenzoic acid (1.37 g, 10 mmol) and 2,4-diami-
nophenol (1.24 g, 10 mmol) were combined under argon and
treated with 12 mL of PPA. The resulting solution was heated
at200° C. for 30 minutes. The black solution was poured onto
ice, and the resulting yellow solid was collected (1.12 g).
'"H-NMR (DMSO) 8: 10.2-10.5 (s, 2H), 8.10-8.20 (m, 4H),
7.10-7.80 (m, 3H). MS m/z: 226 (M+1).

Step 2
N/\H/OH
HZN N ]|300 0
N\ NI,
G HATU, DIPEA, DMF

N
N N />
| \ g
Boc 0 N
0 |
0 Boc
65

The product from step 1 above (0.100 g, 0.236 mmol),
N-Boc-proline (0.098 g, 0.355 mmol), HATU (0.135 g, 0.355

45

50

130

O

mmol), TEA (0.100 g, 0.944 mmol) were taken in DCM (10
ml.) and stirred overnight at RT. The reaction was diluted with
DCM, and the organic layer was washed with water, brine,
dried (NaSO,), concentrated and purified by preparative TLC
to afford 100 mg of desired compound. MS m/z: 620 (M+1).
Step 3

HCV/
MeOH

—_—

H
¥ N N - =/>
B :
Boc O>_Q \"/\I?I
fo) Boce

2HCI

The product from step 2 above (0.100 g, 0.161 mmol) was
stirred in MeOH/HC1 (3.0 mL) for 1 hour at RT, and the
solvent was removed under reduced pressure. The compound
was dried at high vacuum to afford 80 mg of the desired
compound. MS m/z: 420 (M+1).
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Step 4

N N N,
0

2HCI

Compound from step 3 (0.080 g, 0.191 mmol), 3-phenyl-
propanoic acid (0.086 g, 0.574 mmol), HATU (0.218 g, 0.574
mmol), DIPEA (0.146 g, 1.146 mmol) were taken in DMF (3
ml) and stirred for overnight at RT. DMF was removed under
reduced pressure, and the residue was extracted with DCM/
water. The organic layer was washed with brine, dried
(NaSO,) and concentrated. The residue was purified by
HPLC purification to afford 108 mg of target. 'H NMR
(DMSO) 6: 10.2-10.5 (s, 2H), 8.10-8.20 (m, 3H), 7.10-7.80
(m, 14H), 4.37-4.55 (m, 2H), 3.32-3.58 (m, 4H), 2.67-2.85
(m, 7H), 1.80-2.4 (m, 9H).

Example 18

(2S)-1-(3-phenylpropanoyl)-N-{4-[5-({[(2S)-1-(3-
phenylpropanoyl)pyrrolidin-2-y1]carbonyl}amino)-1-
benzofuran-2-yl]phenyl}pyrrolidine-2-carboxamide

Ph

Ph

Step 1

Br
° o @J
H DIPEA, 1,4-dioxane
NO,
(0]

-
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HO

HATU, DIPEA, DMF

-continued
NO,

0:N

To a solution of S-nitrosalicylaldehyde (1.0 g, 5.90 mmol)
in 1,4-dioxane (10 mL), p-nitrobenzyl bromide (1.33 g, 6.15
mmol) and DIPEA (1.25 g, 9.70 mmol) were added, and the
reaction was refluxed at 100° C. for 2 hours. The reaction was
cooled, and the solids were filtered, washed with EtOH and
dried with high vacuum to afford the desired compound. MS
m/z: 303 (M+1).

Step 2

NO,

DBU,
1,4-dioxane

e}

0,N H 0

O

To a solution of the target compound from step 1 (1.5 g,
4.96 mmol) in 1,4-dioxane (5 mL), DBU (0.9 g, 6.45 mmol)
was added. The reaction was heated to 100° C. for 3 hours,
then cooled to RT, and the resulting solid was filtered off and
sufficiently washed with EtOH to afford 927 mg of the desired
compound. 'H NMR (MeOD) §: 8.66 (s, 1H), 8.37-8.39 (d,
J=8.0 Hz, 2H), 8.30-8.32 (d, J=8.0 Hz, 1H), 8.18-8.21 (d,
J=12 Hz, 2H), 7.78-7.80 (d, J=8.0 Hz, 1H), 7.70 (s, 1H).

0:N
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o
O
H,N
o
(0]

To a solution of the product from step 2 above (0.050 g,
0.176 mmol) in 1,4-dioxane (1.8 mL), water (1.8 mL), Fe
(0.054 g) and HCI (1.1 pL.) were added. The reaction was
heated to 110° C. for 3 hours. Then, the solid was filtered, and
the organic layer was concentrated to afford 40 mg of the
desired compound. '"H NMR (MeOD) &: 8.01-8.05 (m, 2H),
7.90-7.96 (m, 1H), 7.79 (s, 1H), 7.46-7.51 (m, 1H), 7.34 (s,
1H), 7.17-7.21 (m, 2H). MS nv/z: 225 (M+1).

Step 3

O.N

134

-continued

N
N
- | 0
(0]
[e) N
/

10

To a solution of the product from step 3 above (0.020 g,
0.089 mmol) in DCM (10 mL) N-Boc-proline (0.042 g, 0.196
mmol) and DIPEA (0.035 g, 0.267 mmol) were added. The

15 reaction was stirred at RT for 5 minutes and then HATU

(0.101 g, 0.267 mmol) was added. The reaction was stirred
overnight and poured into brine and extracted with EtOAc.
The organic layer was dried (Na,SO,), filtered and concen-
trated to afford 30 mg of the desired compound. MS m/z: 619

20 (M+1).

Step 5

m s j HCI—MeOH

=z

*2HCI

OC

',,

3-phenylpropanoic acid
DIPEA, HATU

?T“ e

Ph

Step 4

N
N—Boc-Proline
DIPEA, HATU

(0]

O

Ph

The product from step 4 (0.70 g, 1.13 mmol) was stirred in
% MeOH/HCI (20 mL) for 1 hour. The solvent was removed at
high vacuum to afford the desired proline compound, which
was used directly to the next step without further purification.
3-Phenylpropanoic acid (0.428 g, 2.85 mmol) were taken in
DCM (30 mL ) was reacted with the proline compound (0.500

65 g, 0.96 mmol) and DIPEA (0.9 g, 7.1 mmol). The reaction

was stirred at RT for 5 minutes, and then HATU (1.0 g, 2.85
mmol) was added. The reaction was stirred overnight and
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poured into brine and extracted with EtOAc. The organic
layer was dried (Na,SO,), concentrated and purified by
HPLC to afford 30 mg of the desired compound. 'H NMR
(CDCl,) &: 9.85-9.87 (d, J=8.0 Hz, 2H), 7.86 (s, 1H), 7.42-
7.44(d,J=8.8 Hz, 2H), 7.46-7.48 (d,]=8.8 Hz, 2H), 7.03-7.31
(m, 9H), 6.90-6.99 (d, J=3.6 Hz, 1H), 6.58 (s, 1H), 4.71-4.82
(m, 2H),3.62-3.71 (m, 2H), 3.43-3.50 (m, 2H), 2.95-3.05 (m,
4H), 2.63-2.88 (m, 4H), 2.21-2.43 (m, 4H), 1.87-2.14 (m,
4H). MS m/z: 683 (M+1).

Example 19

N-{2-[4-(acetylamino)phenyl]-1-benzofuran-5-yl1}-
1-{(2R)-2-[(tert-butoxycarbonyl)amino]-2-pheny-
lacetyl}-L-prolinamide

¢ N
N
YOO
2 o ° 0

BocHN

Step 1
Br
Br. CHO
0,N
OH
Br. CHO
O
NO,
K,CO, (68 g, 0.497 mol) was added to a solution of bro-

mosalicylaldehyde (50 g, 0.248 mol) in DMF (300 ml). The
resulting solution was stirred at RT for 1 hour, then to it was
added compound 4-nitrobenzyl bromide (54 g, 0.25 mol).
The reaction mixture was stirred for 30 minutes, filtered, and
the filtrate was poured into water and extracted with EtOAc
(3x). The combined organic layers were dried and concen-
trated. The product was recrystallized from dioxane to afford
a white solid (50 g). "H NMR (CDCl,) &: 10.43 (s, 1H), 8.24
(d, J=4H), 7.51-7.58 (m, 2H), 7.37-7.42 (m, 4H), 7.31-7.36
(m, 6H), 5.52 (s, 1H), 4.57 (s, 2H), 3.90 (s, 2H), 3.34 (s, 2H),
2.06-2.15 (m, 6H), 1.86-1.88 (m, 1H), 1.41 (d, 18H).

Step 2

Br CHO

DBU
—_—

NO,
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-continued
O \ O A
O

DBU (9 ml, 61.58 mmol) was added to a solution of the
product from step 1 (10 g, 29.85 mmol) in dioxane (70 ml).
The resulting solution was heated to reflux for 1 hour, cooled
and filtered. The filter cake was washed with EtOAc and dried
in air to afford a yellow solid (6.5 g).

Step 3
Br
OO
(6]
A\

LN
‘ o

PBu, (1.93 ml, 0.32 mmol) was added to a solution of the
product from step 2 (2 g, 6.3 mmol) and Pd,(dba); (0.29 g,
0.32 mmol) in THF (100 ml) under N,. Then a solution of
LiHMDS (18.9 ml, 18.9 mmol) was added dropwise. The
resulting solution was heated to reflux for 3 hours and then

Br

LiHMDS

—_—

O A

cooled to RT. The reaction mixture was adjusted to pH=1
using 1M HC], then stirred for 0.5 hour. The reaction mixture
was basified to pH=8-9 using aq. saturated NaHCO;, and
extracted with EtOAc (3x). The combined organic layers
were dried and concentrated. The residue was recrystallized
from MeOH to afford the product as brown solid.

Step 4

(0]
b,
HO
N
O :
BocHN

DIPEA, HATU

The mixture of the product from step 3 (500 mg, 2 mmol),
R-Boc-Phg-1.-Pro-OH (660 mg, 2.16 mmol), NMM (400 mg,
4 mmol) and DMF (30 ml) was stirred at RT for 30 minutes,
then to it was added HATU (1.13 g, 3 mmol). The resulting
mixture was stirred at RT overnight. The reaction mixture was
diluted with water and filtered. The cake was washed with
water and dried; the solid was used next step without purifi-
cation.
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Step 5

H
A
Ph\:-/'&o I No2

BocHN

BocHN

Hy/
Raney
Ni

e —

The product from step 4 (0.4 g, 1.3 mmol) in THF (10 ml)
was hydrogenated using Raney Ni (0.2 mg) as the catalyst.
After being stirred under H, atmosphere at RT overnight, the
reaction slurry was filtered through CEvITE, and the filtrate was
concentrated under reduced pressure to afford 0.33 g of the
desired compound.

Step 6

H
Y OO 2

BocHN

10

15
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25
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138
-continued
¢ °>_
YD
< O O

Ac,0 (18 mg, 0.18 mmol) was added to a solution of the
aniline from step 5 (50 mg, 0.09 mmol) in THF (2 ml) at RT.
The resulting solution was stirred at RT overnight, concen-
trated, and the residue was purified by RPLC to afford the
desired product. 'H NMR (acetone-d6) &: 7.95 (s, 1 H, NH),
7.65-7.74 (m, 7 H, ArH), 7.40-7.43 (m, 3 H, ArH), 7.30-7.34
(m,2H,ArH),7.01 (s, 1 H, ArH), 5.64 (s, 1 H,CH), 4.56-4.59
(m, 1 H, CH), 3.93-3.99 (m, 1 H, CH,), 3.27-3.42 (m, 2 H,
CH,), 3.02-3.17 (m, 3H, CH,), 1.98 (s, 3 H, CH;), 1.98-1.95
(m, 4 H, CH,), 1.22 (t, ]=7.2 Hz, 6 H, CH,).

Examples 20-36

Compounds of Examples 20-36 were prepared in a similar
manner as described in either Example 18 or Example 19.

Example Structure

MW Name

20

A\

N
N
(6] O
(6] (6]

21

CH;

CHﬁ/ O7/NH
(@]

CH;

22

-0,

H Q&
T oo g NN >—\j
CHﬁ’ TN Y NH N
o 0 © 0=\.N

654.773 (28)-1-(phenylacetyl)-N-{4-[5-
({[(2S)-1-(phenylacetyl)
pyrrolidin-2-yl]carbonyl}amino)-
1-benzofuran-2-yl]phenyl}
pyrrolidine-2-carboxamide

\"/\N

QO

885.039 tert-butyl {(18)-2-[(28)-2-({4-[5-
({128)-1-{(28)-2-[(tert-
butoxycarbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-
yl]carbonyl}amino)-1-
benzofuran-2-yl]phenyl}
YO carbamoyl)pyrrolidin-1-yl]-2-
o oxo-1-phenylethyl }carbamate
CH;z

CH3CH3

885.039 tert-butyl {(1R)-2-[(2S)-2-({4-[5-
({128)-1-{ 2R)-2-[(tert-
butoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-yl]
carbonyl famino)-1-benzofuran-
2-yl]phenyl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-1-
phenylethyl }carbamate

o)

T Nt

O CH
CH; 3
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140

Example

Structure

MW Name

23

24

25

26

27

28

CH;

s

O

O

WX,
‘ TOYCH3
0

CH;

7/CH3

CH;

NH,

856.984 propan-2-yl [(1R)-2-0x0-1-
phenyl-2-{(28)-2-[(4-{5-[({(28)-
1-[(2R)-2-phenyl-2-{[(propan-2-

yloxy)carbonyl]amino }acetyl]

pyrrolidin-2-yl}carbonyl)amino]-

1-benzofuran-2-yl}phenyl)

carbamoyl]pyrrolidin-1-
yl}ethyl]carbamate

800.876  methyl {(1R)-2-[(2S)-2-({4-[5-
({128)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-
yl]carbonyl }amino)-1-
benzofuran-2-yl]phenyl}
carbamoyl)pyrrolidin-1-yl]-2-
oxo-1-phenylethyl }carbamate

74091 (28)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl]-N-(4-{5-[({(2S)-
1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl}
carbonyl)amino]-1-benzofuran-2-
yl}phenyl)pyrrolidine-2-
carboxamide

797019 (2S)-1-[(2R)-2-(diethylamino)-2-
phenylacetyl]-N-(4-{5-[({(2S)-1-
[(2R)-2-(diethylamino)-2-
phenylacetyl]pyrrolidin-2-yl}
carbonyl)amino]-1-benzofuran-2-
yl}phenyl)pyrrolidine-2-

carboxamide

798.947  propan-2-yl [(1R)-2-{(2S)-2-[(4-

{5-[({29)-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-yl}
carbonyl)amino]-1-benzofuran-2-
yl}phenyl)carbamoy!]pyrrolidin-
1-yl}-2-ox0-1-

phenylethyl]carbamate

482.587 N-[2-(4-aminophenyl)-1-
benzofuran-5-yl]-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]-L-prolinamide
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Example Structure MW Name

29  CH; 853.127 (28)-1-{(2R)-2-[methyl(3-
m H O, IS methylbutyl)amino]-2-
N %j henylacetyl}-N-{4-[5-({[(28)-1-
N phenylacety
CH3CH \ NH N {(2R)-2-[methyl(3-
3 CH; methylbutyl)amino]-2-
0 uN phenylacetyl}pyrrolidin-2-

e CHs yl]carbonyl }amino)-1-
benzofuran-2-yl]phenyl}
pyrrolidine-2-carboxamide

Z,

30 552.679  N-{2-[4-(acetylamino)phenyl]-1-
Q benzofuran-5-yl}-1-[(2R)-2-
H
N CH (diethylamino)-2-phenylacetyl]-
N \ 3 L-prolinamide
NH
O
cg; &0 ©
NN,
\_~CH;
649797 (28)-1-acetyl-N-(2-{4-[({(2S)-1-
[(2R)-2-(diethylamino)-2-
" . phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]phenyl}-1-
benzofuran-5-yl)pyrrolidine-2-
W carboxamide
\/ CH;
693.807 tert-butyl {(1R)-2-[(28)-2-({4-[5-
({[(2S)-1-acetylpyrrolidin-2-
“ - yl]carbonyl }amino)-1-
benzofuran-2-yl]phenyl}
carbamoyl)pyrrolidin-1-yl]-2-
W oxo-1-phenylethyl }carbamate
O,
YNH
CH;
¢}
I CH;
621743 (28)-1-acetyl-N-(2-{4-[({(2S)-1-
[(2R)-2-(dimethylamino)-2-
“ . phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]phenyl}-1-
benzofuran-5-yl)pyrrolidine-2-
W carboxamide
CH
3 CH3
34

596.689 N-{4-[5-(acetylamino)-1-

\ benzofuran-2-yl]phenyl}-1-
e {(2R)-2-[(tert-
butoxycarbonyl)amino]-2-
phenylacetyl}-L-prolinamide
O,
NH
CH;

¢}

i, CHs
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Example Structure

MW Name

iﬂ

36

)
CH;\/N

oo

NH
O

N_ _CH;
CH;\/ ~

814903  methyl {(1R)-2-[(2S)-2-({4-[5-
({128)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-
yl]carbonyl Jamino)-7-methyl-1-
benzofuran-2-yl]phenyl}
carbamoyl)pyrrolidin-1-yl]-2-
oxo-1-phenylethyl }carbamate

825.073 (28)-1-{(2R)-2-[ethyl(propyl)
amino]-2-phenylacetyl }-N-{4-[5-
({[(28)-1-{2R)-2-[ethyl(propyl)
amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl }amino)-
1-benzofuran-2-yl]phenyl}
pyrrolidine-2-carboxamide

N

Example 37

(2S)-1-(phenylacetyl)-N-{4-[6-({[(2S)-1-(pheny-
lacetyl)pyrrolidin-2-yl]carbonyl }amino)imidazo[1,2-
a|pyrimidin-2-yl]phenyl}pyrrolidine-2-carboxamide

H QNS
(NII(N Z N7\ >_\j

Bn/go o \(;)%/Q_Q‘Nﬂoi
Bn

Step 1

sl N
ON4<;N>7NH i
~— N .
HN4<;N2—NH
)]\CI

H,
—_—

Pd/C

THF,
pyridine
(@) —_—

A suspension of pyrimidine (280 mg, 2 mmol), Pd/C (15
mg, 0.1 mmol) in 40 mL. EtOH was hydrogenated under 30
psi for 1 hour. The mixture was then filtered, and the filtrate
was then concentrated to give the product (200 mg). The
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residue was dissolved in 20 ml THF and CbzC1(375 mg, 2.19
mmol) and pyridine (1 ml) were added. The mixture was
stirred at RT for 1 hour, then the mixture was concentrated in
vacuo, and the residue was extracted with EtOAc (2x),
washed with H,O (30 mL) and brine (30 mL), dried over
anhydrous NaSQO,, concentrated in vacuo to give the desired
compound as white powder (330 mg). MS (ESI) m/e (M+H™):

245.
Step 2
N, NH,
X
| +
Cbz N
~y FF
H
NO,
1) Acetone, reflux
2) HBr, methanol, reflux
Br
(0]
H
/N
Cbz Z N \
)\ NO,
X T
N N

A solution of the product from step 1 above (244 mg, 1.00
mmol) and 2-bromo-1-(4-nitrophenyl)ethanone (244 mg, 1
mmol) in 40 mL of acetone was heated to reflux and stirred for
6 hours. Then, the mixture was cooled to RT and filtered, and
the filtrate was then dissolved in 30 ml MeOH, and 0.5 m1 HBr
was added, the mixture was heated to reflux for another 3
hours; after that, the mixture was concentrated in vacuo to
give the product as a pale yellow powder (120 mg). MS (ESI)
m/e (M+H): 390.
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Step 3
{
Cbz”” \(\N \ - 1l
53 —
\N)\Nj i :
H
/N
Cbz \(\N \
>—< >—NH2
N )%
N N

To the product from step 2 above (50 mg, 0.128 mmol) was
dissolved in 10 mI, CH;OH was added SnCl, (144 mg, 0.64
mmol). The reaction mixture was stirred at RT for 30 minutes
and then heated to reflux for 3 hours. MeOH was removed in
vacuo, and the residue was purified (DCM/MeOH=50:1) to
afford the desired compound (35 mg). MS (ESI) m/e (M+H™):
360.

Step 4
N
oz N N \ AcOH,
)\ NH, _HBr
A =y

N

N

The compound from step 3 (35 mg, 0.1 mmol) was dis-
solved in 5 ml of HOAc, then HBr (1.5 ml) was added. The
reaction mixture was heated to reflux and stirred for 6 hours,
cooled and concentrated. The residue was extracted with
EtOAc (2x), washed with aq. NaHCO, and water (30 mL) and
brine (30 mL), dried over anhydrous NaSo,. Concentration
afforded the desired compound as a brown solid (16 mg). MS
(ESI) m/e (M+H"): 226.

Step 5

(Nj\COOH
N
NG NN \ Bn/&
NH, O
N A HATU, DIPEA
N N

(Nj\’(§ Z N A\ OM\/‘
Bﬂ/go 5 \g )§/I\>_®7NH i
07N,

A mixture of the diamine product from step 4 above (16
mg, 0.071 mmol), N-phenylacetyl-L-proline (40 mg, 0.170
mmol), DIPEA (36.9 mg, 0.02 mmol) in CH;CN (5 mL) was
stirred at RT for 10 minutes, then HATU (54 mg, 0.142 mmol)
was added. The mixture was stirred at RT overnight then the
mixture was concentrated, and the residue was purified to
give compound (15 mg). MS (ESI) m/e (M+H*): 657. 'H
NMR (MeOD) &: 9.45 (s, 1H), 8.31 (s, 1H), 8.05 (s, 1H),
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7.61~7.48 (m, 4H), 7.34~7.21 (m, 10H), 4.60~4.52 (m, 2H),
3.83~3.69 (m, 8H), 2.24~1.97 (m, 8H).

Example 38

(2S)-1-(phenylacetyl)-N-{4-[6-({[(2S)-1-(pheny-
lacetyl)pyrrolidin-2-yl]carbonyl }amino)imidazo[1,2-
a|pyridin-2-yl]phenyl}pyrrolidine-2-carboxamide

H QNS
PhCHz/&O 0 NS o %
R

Step 1
N
O,N / \ NH, +
NO,
Br
1) Acetone, reflux
2) HBr, methanol, reflux
(0]
O,N
Y \
NO,
\ \N

The mixture containing 2-amino-5-nitropyridine (1.39 g,
10 mmol) and p-nitro-alpha-bromoacetophenone (2.42 g, 10
mmol) in 100 mL of acetone was heated at reflux for 12 hours.
The solid was collected by filtration and then dissolved in 20
mL of MeOH and treated with a trace amount of HBr. The
mixture was stirred at reflux for 1 hour, cooled and the solid
was collected by filtration to give the desired (1.4 g). MS
(m/z): 285 (M+H)".

Step 2

OZN/N
\ S

\ NO,
N
HoN
/ N W NH,
——
N

To a suspension of the product from step 1 above (0.7 g,2.5
mmol) in MeOH (50 mL.) was added 0.1 g of Pd/C (20%), and
the suspension was stirred under 25 psi of H, at RT. After
filtration, the filtrate was concentrated in vacuo to give the
desired compound. MS (nv/z): 225 (M+H)".

Pd/C

—_
H

AN
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Step 3 extracted with DCM (4x), and the combined DCM extracts
were washed with 300 mL of brine. The DCM extracts were
filtered through silica gel and concentrated to dryness to

O afford a crude product. The crude product was recrystallized
m 5 from chloroform to give 5.41 g of the desired compound as a
OH white solid. The filtrate was concentrated to dryness, and the
residue was purified by flash column chromatography (30%
\(\)\ />_®7 H, PhCHz EtOAc/Hex) to give an additional 2.6 g of desired product.
—mtm MS (ESD) m/e (M+H™): 242.
Step 2
(j\'( \(\ />_®7 j O,N
PhCH
: \ Br +
N
H
The mixture of the diamine from step 2 above (225 mg, 1 I%OC
mmol), N-phenylacetylproline (1 mmol), DIPEA (5 mmol) (HO),B Pd(dppfHCly
and HATU (380 mg, 1 mmol) in 10 mL of MeCN was stirred 20 \ - =
at RT for 1 hour. The reaction mixture was concentrated, and NHBoc
the residue was purified by column chromatography to give ON NHBoc
the desired compound. ‘H NMR (MeOD) &: 9.3 (s, 1H), 8.2 \ /
(s, 1H), 7.5-7.1 (m, 16H), 4.6 (m, 1H), 4.5 (m, 1H), 3.8 (m,
8H), 2.3-1.8 (m, 8H). 25 Nee
Example 39 The mixture of compound from step 1 above (602.6 mg, 2.5
mmol), the indole boronic acid (1.034 g, 2.75 mmol), Pd(dp-
(28,2'S)—N,N'-1H,1'H-2,2'-biindole-5,5'-diylbis[ 1 - pDCL,(183 mg, 0.25 mmol), Na,CO; (530 mg, 5.0 mmol) in
(phenylacetyl)pyrrolidine-2-carboxamide] 5 mL dioxane-H,O (5:1) was heated to reflux under N, atmo-

warﬁ

Step 1 sphere overnight. When reaction was complete the mixture
was poured into water and extracted with DCM. The organic
phase was dried over Na,SO,, concentrated, and the residue

0N 45 was purified to give compound the desired product. MS (ESI)
o JOBr, m/e (M+H"): 493.
N Step 3
H
0,N
\ Br 20 O:N NHBoc
HCOI—MeOH
N
H N
Boc
. . O N NH,
To a suspension of the lactam (10.0 g, 56 mmol) in 200 ml s ? \ / z
of'1,2-dichloroethane, was added POBr; (15.3 g, 53.2 mmol)
at RT. The resulting mixture was heated at reflux temperature N N
H H

in a 90° C. oil bath for 0.5 hour (the reaction formed a copious
amount of precipitate, and an oil bath was preferred over a
heating mantle, as it provided gentle heating and avoided a 4,
darkening of the precipitate). The reaction was cooled just
below reflux temperature, and imidazole (4.57 g, 62 mmol
was added in onepportion. The resulting g(umm;(/% suspensiorz . The product from §tep 2 (600 mg, 1.3 mol) was added
was heated at reflux temperature in an oil bath for another 2 into HC1 (30 ml, 3M in MeOH). Then the mixture stirred at
hours. The reaction was cooled to RT, and 100 mL of ice- 65 RT for 2-3 hours. When reaction was complete, the mixture
water was added. Solid NaHCO; (ca. 50 g) was added to the ~ was concentrated to give the crude product (400 mg). MS
mixture until no further gas was evolved. The suspension was (EST) m/e (M+H™): 293.
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Step 4

O,N NH,
Pd/C
N N
H H
H,N NH,
(I
N N
H H

The product from step 3 (400 mg, 1.36 mmol) was dis-
solved in EtOAc and treated with Pd/C (100 mg, 20%). Then
the mixture was stirred at RT overnight under H, atmosphere.
When the reaction was complete, the Pd/C was filtered off,
and the resulting solution was concentrated to give the crude
product (300 mg). MS (ESI) m/e (M+H"): 263.

Step 5

H,N. NH
AN Va RCOOH
—_—
BOP
N N
H H

pdan)

§
N O O N
N\ /
o ° N N ° g

A solution containing (131 mg, 0.5 mmol) of the product
from step 4, RCOOH (256.608 mg, 1.1 mmol), DIPEA (390
mg, 1.5 mmol) in CH;CN (2 mL) was stirred at RT for 5
minutes, then HATU (418 mg, 1.1 mmol) was added into the
mixture. The mixture was stirred at RT overnight. When
reaction was complete, the mixture was concentrated, and the
residue was purified to give the desired product. "H NMR
(MeOD) 8: 7.15-7.75 (m, 18H), 4.51-4.59 (m, 2H), 3.56-3.80
(m, 10H), 2.37 (s, 3H), 1.97-2.30 (m, 8H). MS (ESI) m/e
(M+H*): 693.

Example 40
di-tert-butyl (1H,1'H-2,2'-biindole-5,5'-

diylbis{carbamoyl(2S)pyrrolidine-2,1-diyl[(1R)-2-
oxo-1-phenylethane-2,1-diyl] } )biscarbamate

This compound was prepared using the similar method as
Example 39, step 5 using N-Boc-R-Phg-L-Pro-OH. ‘HNMR
(MeOD) &: 6.78-7.78 (m, 18H), 5.49 (m, 2H), 4.55-4.58 (m,
2H), 3.94-3.97 (m, 3H), 2.37 (s, 3H), 1.87-2.14 (m, 8H), 1.40
(s, 18H). MS (ESI) m/e (M+H"): 924.
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Example 41

tert-butyl {(1R)-2-0x0-1-phenyl-2-[(2S)-2-({2-[4-
({[(2S)-1-(phenylacetyl)pyrrolidin-2-yl]
carbonyl}amino)phenyl]-1H-indol-5-y1}carbamoyl)
pyrrolidin-1-yl]ethyl}carbamate

o UY OO 8

Step 1

0
Br
\©\ NO,
NH,
N -~
H
N

Oy
>:j HN —< >— Br
/
—N

To a solution of 4-bromophenylhydrazine (2.5 g, 13.4
mmol) in acetic acid (19.5 mL) and EtOH (14.5 mL), 4-ni-
troacetophenone (1.66 g, 10.0 mmol) was added. The reaction
was refluxed for 5 hours, and water (35 mL) was added. The
resulting mixture was stirred for another 1 hour, and the
resulting solid was filtered, washed with water to afford 3.1 g
of the desired compound. "H NMR (MeOD) §: 8.21-8.23 (d,
J=8.0 Hz, 2H), 8.01-8.03 (d, J=8.0 Hz, 2H), 7.34-7.36 (d,
J=8.0 Hz, 2H), 7.20-7.22 (d, J=8.0 Hz, 2H), 2.03 (s, 3H).

Step 2

0,N
PPA
HN Br —=
/
—N
Br

O \ O A

N

H

The product from step 1 above (2.0 g, 6.0 mmol) was added
into PPA (20 mL), and the mixture was stirred at 80° C. for 1
hour before it was cooled in ice-bath, diluted with water/
EtOAc (6020 mL) and stirred for another 1 hour. The mixture
was extracted with EtOAc and washed to yield the target. 'H
NMR (MeOD) d: 8.28-8.30 (d, J=8.0 Hz, 2H), 7.97-7.99 (d,
J=8.0 Hz, 2H), 7.72 (s, 1H), 7.33-7.35 (d, J=8.0 Hz, 1H),
7.24-7.26 (d, J=8.0 Hz, 1H), 7.02 (s, 1H).
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H,N I

An oven-dried argon-cooled round-bottom flask was
charged with the indole from step 2 (2.0 g, 6.31 mmol) and
0.05 equivalents of Pd,(dba); in THF (100 mL). A solution of
tri-tert-butyl phosphine (10 wt %) in hexane (1.93 mL, 0.63
mmol) was added followed by lithium hexamethyldisilazane
(1.0M in THF) (18.9 mL, 18.9 mmol). The dark solution was
heated to reflux overnight then cooled to RT. This mixture was
poured into ice-cold aq 1.0 M HCI (70 mL) and stirred vig-
orously. Hexane was added, and stirring was continued for 30
minutes. The precipitate was filtered, washed with 20 mL of
cold water and then 20 mL of THF:Hexanes (5:95) solution.
The precipitate was washed with 200 mL. of MeOH, and the
filtrate was concentrated to give 1.5 g of the desired com-
pound. MS m/z: 254 (M+1).

Step 3

Br. l

Pdy(dba);
NO,

B
P'Bug, lithium bis
(trimethylsilyl)-
amide, THF,
reflux, 1 h

O A

A\

A\

Step 4
H,N
e +
N
H
OH
N
BocHN,
(0]
O E—
N
N
BocHN, \ NO,
(0]
0 N

To a solution of the product from step 3 above (1 g, 3.9
mmol) in acetonitrile (20 mL) was added R-N-Boc-Phg-S-
Pro-OH (1.4 g,3.9 mmol), HATU (3 g, 7.8 mmol) and DIPEA
(1 g, 7.8 mmol). The mixture was stirred at RT overnight. The
solvent was distilled, and the residue was dissolved in EtOAc
and washed with water. The organic layer was dried and
concentrated in vacuo, and the residue was purified by col-
umn chromatography to give the desired compound (1.8 g).
MS (ESI) m/e (M+H™"): 584.
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Step 5

N
N
BocHN, N\ No, 2,
0 N
0 H

N
N \
BocHN O NH,
(@]
N
0 H

To a solution of compound from step 4 (300 mg, 0.51
mmol) in MeOH (10 mL) was added Pd/C (50 mg, 0.28

mmol). The mixture was stirred under H, atmosphere at RT
for 1 hour. The catalyst was filtered off, and the filtrate was
concentrated in vacuo to give the desired compound (230 mg)
as ayellow oil, which was used directly in next step. MS (ESI)
m/e (M+H)*: 554.

Step 6

Mono

el

3\ NO, +
N

QWN 5%
N

To a solution of the compound from step 5 (100 mg, 0.18
mmol) in acetonitrile (3 ml.) was added compound N-pheny-
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lacetyl-L-proline (42 mg, 0.18 mmol), HATU (140 mg, 0.36
mmol) and DIPEA (46 mg, 0.36 mmol). The mixture was
stirred at RT overnight then concentrated, and the residue was
purified by RPLC to give (60 mg). 'HNMR (CDCl,) 8: 9.62
(s, 1H),9.08 (s, 1H), 7.84 (s, 1H), 7.45-7.09 (m, 15H), 6.52 (s,
1H), 5.67 (s, 1H), 5.49 (m, 1H), 4.72-4.51 (m, 2H), 3.82-3.48
(m, 5H), 3.20 (m, 1H), 2.15-1.72 (m, 8H), 1.43 (s, 9H). MS
(ESI) m/e (M+H™): 769.

Example 42

(2S)-1-(phenylacetyl)-N-{2-[ 5-({[(2S)-1-(pheny-
lacetyl)pyrrolidin-2-yl]carbonyl}amino)-1H-indol-2-
yl]pyrimidin-5-y1}pyrrolidine-2-carboxamide

Step 1

O,N : \

A mixture of 5-nitroindole (5 g, 30.9 mmol), Fe (8.6 g, 154
mmol), NH,C1 (16.5 g, 309 mmol), EtOH (80 mL) and water
(20 mL) was refluxed under N, protection for 2 hours. The
mixture was cooled to RT and filtered. The filtrate was con-
centrated and dissolved in water. The mixture was basified
with Na,CO; and extracted with CH,Cl, two times. The com-
bined organic phases were combined, dried over Na,SO, and
filtered. The filtrate was concentrated to yield the product (3.6
g). MS (BST) m/e (M+H™): 133. 'H NMR (DMSO) &: 10.55
(s, 1H), 7.12-7.06 (m, 2H), 6.68 (d, J=2.0 Hz, 1H), 6.48 (dd,
J=8.4 Hz, 2.0 Hz, 1H), 6.12 (t, J=2.0 Hz, 1H), 4.39 (s, 2H).
Step 2

Fe/NHLCI

HN
Boc,0, DMAP

A\

Boe,N

A\

Boce

A mixture of 5-aminoindole (20 g, 76 mmol), DMAP (9.2
g,38 mmol) THF (250 mL.) and CH;CN (100 mL) was cooled
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to 0° C. Boc,O (132 g, 304 mmol) was slowly added to the
mixture. The reaction mixture was allowed to warm to RT and
stirred over the weekend. The mixture was poured into water
and exacted with CH,Cl, three times. The organic phase was
combined, dried over Na,SO, and filtered. The filtrate was
concentrated, dissolved in CH,Cl, and poured into PE and
filtered. The solid was purified by column chromatography
(PE/EA=20/1) to yield the product (23 g). 'H NMR (CDCl,):
88.05(d,J=8.0Hz, 1H),7.56 (d,J=3.2 Hz, 1H),7.28 (d,J=2.4
Hz, 1H), 7.03 (dd, J=8.8 Hz, 1.6 Hz, 1H), 1.63 (s, 9H), 1.36 (s,
18H).

Step 3
Boe;N )
\ LDA, (iPrO);B
N
Boce
BocHN,
B(OH),
N
Boc

A mixture of the product from step 2 above (5.0 g, 11.6
mmol), (iPrO);B (17.5 mL, 92.8 mmol) and dry THF (100
ml) was cooled to 0° C. LDA (prepared from nBul.i and
iPr,NH in THEF, about 116 mmol) was slowly added to the
mixture at 0° C. The mixture was allowed to warm to RT and
stirred for 2 hours. The mixture was quenched by the addition
of 1IN HCl to pH=3 and extracted with CH,Cl, three times.
The combined organic phases were combined, dried over
Na,SO, and filtered. The filtrate was concentrated and puri-
fied by column chromatography (PE/CH,Cl,=1/1 to pure
CH,CI, to CH,Cl,/acetone=10/1 to pure acetone) to afford
the product (2.8 g). 'THNMR (DMSO) §: 9.22 (s, 1H), 8.10 (s,
2H), 7.84 (d, J=9.2 Hz, 1H), 7.65 (s, 1H), 7.20 (dd, J=9.2 Hz,
2.0 Hz, 1H), 6.48 (d, 1H), 1.51 (s, 9H), 1.41 (s, 9H).

Step 4

{ Nso 0N
cl NO, — = NH,
N} N}

A mixture of the pyrimidine compound (0.3 g, 2 mmol), Fe
powder (560 mg, 10 mmol), NH,CI (1.07 g, 20 mmol), EtOH
(8 mL) and water (2 mL) was refluxed under N, overnight.
The mixture was cooled to RT and filtered. The filtrate was
concentrated and dissolved in water. The mixture was basified

HN N

/

N

A\
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with Na,CO; and extracted with CH,Cl, two times. The com-
bined organic phases were dried over Na,SO, and filtered.
The filtrate was concentrated to yield the product (120 mg).
MS (ESI) m/e (M+H™): 130. "H NMR (DMSO) &: 7.99 (s,
2H), 5.73 (s, 2H).

Step 5
N
C14</ :\>—NH2 +
N=—
BocHN,
Pd(dppH)CL
BOH), ——™
N
Boce
BocHN N
NN\
N=

N
Boce

A mixture of the pyrimidine from step 4 (100 mg, 0.77
mmol), indole boronic acid from step 3 (290 mg, 0.77 mmol),
Pd(dpph)Cl, (56 mg, 0.077 mmol), Na,CO; (244 mg, 2.3
mmol), THF (20 mL) and H,O (2 mL) was refluxed under N,
overnight. The mixture was poured into water and extracted
with CH,Cl,. The organic phase was combined, dried over
Na,SO, and filtered. The filtrate was purified by prep TLC
(CH,C1,/MeOH=20/1) to afford the product. MS (ESI) m/e
(M+H™*): 426.

Step 6

BocHN N
2 —_—
N N=—

Boce

A mixture of compound from step 5 above was added to a
solution HCI in MeOH (4M) cooled with ice bath. The mix-
ture was allowed to warm to RT and stirred overnight. The
mixture was concentrated, dissolved in water, washed by
CH,Cl, and concentrated. The residue was directly used in
the next step without further purification. MS (ESI) m/e
(M+H*): 226
Step 7

\\\j

o

N
HATU
st N

e}
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-continued

Qoo

The product of step 6 above (0.22 mmol), N-phenylacetyl-
L-proline (51 mg, 0.22 mmol), DIPEA (100 mg), and DMF (3
ml.) was added HATU (84 mg, 0.22 mmol), and the mixture
was stirred at RT overnight. The mixture was purified by
RPLC to afford the product. MS (ESI) m/e (M+H"): 656. 'H
NMR (CDCl,) d: 10.42 (s, 1H), 10.01 (s, 1H), 9.77 (s, 1H),
8.32 (s, 1H), 7.34-7.27 (m, 11H), 7.05-7.00 (m, 2H), 6.58 (d,

158

J=8.0 Hz, 1H), 4.63-4.53 (m, 2H), 3.84-3.58 (m, 8H), 2.30-
1.94 (m, 8H).

15 Examples 43-87

Compounds of Examples 43-87 were prepared in a similar
manner as described in either Example 41 or Example 42.

Example Structure

MW Name

43

45

N
(2
o N

46

47

=0
o H

884.054  tert-butyl {(1R)-2-[(28)-2-({4-[5-
({128)-1-{ 2R)-2-[(tert-
butoxycarbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-
yl]carbonyl }amino)-1H-indol-2-
yl]phenyl}carbamoyl)pyrrolidin-
1-yl]-2-oxo0-1-
phenylethyl }carbamate

799.891  methyl {(1R)-2-[(2S)-2-({4-[5-
({I28)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-

H yl]carbonyl }amino)-1H-indol-2-
yl]phenyl}carbamoyl)pyrrolidin-
1-yl]-2-oxo0-1-
phenylethyl }carbamate

792.002 (28)-1-[(2R)-2-phenyl-2-
(pyrrolidin-1-yl)acetyl]-N-(4-{5-
[({(2S)-1-[(2R)-2-phenyl-2-
(pyrrolidin-1-ylacetyl]
pyrrolidin-2-yl}carbonyl)amino]-
1H-indol-2-yl}phenyl)
pyrrolidine-2-carboxamide

848.023 (28)-1-{(2R)-2-
[(cyclopropylacetyl)amino]-2-
phenylacetyl }-N-{4-[5-({[(2S)-1-
{(2R)-2-[(cyclopropylacetyl)
amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl}amino)-
1H-indol-2-yl]phenyl}
pyrrolidine-2-carboxamide

852.055 (28)-1-{(2R)-2-[(3-
methylbutanoyl)amino]-2-
phenylacetyl }-N-{4-[5-({[(2S)-1-
{(2R)-2-[(3-methylbutanoyl)

e amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl}amino)-
1H-indol-2-yl]phenyl}
pyrrolidine-2-carboxamide
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-continued

160

Example Structure

MW

Name

50 CH;

ZT

52
{
o) H N
T
0
N
0 0 H

53 O,

o)
Z

824.001

834.04

992.195

904.132

553.623

595.704

(28)-1-[(2R)-2-(morpholin-4-yl)-
2-phenylacetyl]-N-(4-{5-[({(2S)-
1-[(2R)-2-(morpholin-4-yl)-2-
phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-
yl}phenyl)pyrrolidine-2-
carboxamide

(28)-1-(2,3-diphenylpropanoyl)-
N-{4-[5-({[(2)-1-(2,3-
diphenylpropanoyl)pyrrolidin-2-
yl]carbonyl Jamino)-1H-indol-2-
yl]phenyl}pyrrolidine-2-
carboxamide

(28)-1-R)-2-{[(4-
methylphenyl)sulfonyl]amino}-2-
phenylacetyl]-N-(4-{5-[({(2S)-1-

[(2R)-2-{[(4-methylpheny])
sulfonyl]amino }-2-phenylacetyl]
pyrrolidin-2-yl}carbonyl)amino]-

1H-indol-2-yl}phenyl)
pyrrolidine-2-carboxamide

(28)-1-{(2R)-2-
[(cyclohexylcarbonyl)amino]-2-
phenylacetyl}-N-{4-[5-({[(2S)-1-
{(2R)-2-[(cyclohexylcarbonyl)
amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl }amino)-
1H-indol-2-yl]phenyl}
pyrrolidine-2-carboxamide

methyl {(1R)-2-[(28)-2-({2-[4-

(acetylamino)phenyl]-1H-indol-
5-yl}carbamoyl)pyrrolidin-1-yl]-
2-oxo0-1-phenylethyl }carbamate

tert-butyl {(1R)-2-[(2S)-2-({4-[5-
(acetylamino)-1H-indol-2-
yl]phenyl}carbamoy!)pyrrolidin-
1-yl]-2-o0x0-1-
phenylethyl}carbamate
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Example Structure MW Name
54 565.678  N-{2-[4-(acetylamino)phenyl]-
0 - 1H-indol-5-y1}-1-[(2R)-2-
N (morpholin-4-yl)-2-
N \ phenylacetyl]-L-prolinamide
N, NH
e}
N
0 o >‘_CH3
¢}
55 581.677 propan-2-yl {(1R)-2-[(2S)-2-({2-

)it
CH >
5 o - N N CH;
7/ TN N\ N
CH 0
3 o o) g

vy

N)/\;)

56
)
N
o .‘\\N
: 0 TN
TN $ 0

57
CH3 o q(
N NH
>r m
3 CH; )/O CHj
CH; 0
cH; et
58
H
N N
0
¢} g >—CH3
6]
59 o
N
LN { >_j
cuN N\ NH N
le] N CHs
0
H Y .|\\\N\
CH; CH; CHs

CH;

[4-(acetylamino)phenyl]-1H-
indol-5-yl}carbamoyl)pyrrolidin-
1-yl]-2-o0x0-1-
phenylethyl}carbamate

817.953 (28)-1-{(2R)-2-
[(cyclopentylcarbamoyl)amino]-
2-phenylacetyl }-N-(4-{5-[({(2S)-
1-[(2R)-2-(dimethylamino)-2-
phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-
yl}phenyl)pyrrolidine-2-
carboxamide

816.019  tert-butyl {(2R)-1-[(2S)-2-({4-[5-
({128)-1-{ 2R)-2-{(tert-
butoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-
yl]carbonyl Jamino)-1H-indol-2-
yl]phenyl}carbamoy!)pyrrolidin-
1-yl]-3-methyl-1-oxobutan-2-
yl}carbamate

549.679  N-{2-[4-(acetylamino)phenyl]-
1H-indol-5-y1}-1-[(2R)-2-phenyl-
2-(pyrrolidin-1-yl)acetyl]-L-
prolinamide

699.945  (28)-1-[(2R)-2-(dimethylamino)-
4-methylpentanoyl]-N-(4-{5-
[({(28)-1-[2R)-2-
(dimethylamino)-4-
methylpentanoylpyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-
yl}phenyl)pyrrolidine-2-
carboxamide (non-preferred
name)
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Example

Structure

MW

Name

60

61

62

63

64

65

N
&
.s\

3°

&
&
y

o o1

QAN -0y

CH;

@]
Zi /5

CH;

Cp,CHs

RSSO BER
CH3<CH3

jus)
Tz,

820.056

785.914

796.034

692.822

692.822

692.866

(28)-1-[(2R)-2-phenyl-2-
(piperidin-1-yl)acetyl]-N-(4-{5-
[({(2S)-1-[(2R)-2-phenyl-2-
(piperidin-1-yl)acetyl]pyrrolidin-
2-yl}carbonyl)amino]-1H-indol-
2-yl}phenyl)pyrrolidine-2-
carboxamide

(28)-1-[(2R)-2-(1H-imidazol-1-
yl)-2-phenylacetyl]-N-(4-{5-
[({(2S)-1-[(2R)-2-(1H-imidazol-
1-yl)-2-phenylacetyl]pyrrolidin-
2-yl}carbonyl)amino]-1H-indol-
2-yl}phenyl)pyrrolidine-2-
carboxamide

(28)-1-[(2R)-2-(diethylamino)-2-
phenylacetyl]-N-(4-{5-[({(2S)-1-
[(2R)-2-(diethylamino)-2-
phenylacetyl]pyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-
yl}phenyl)pyrrolidine-2-
carboxamide

tert-butyl {(15)-2-[(28)-2-({4-[5-
({[(2S)-1-acetylpyrrolidin-2-
yl]carbonyl Jamino)-1H-indol-2-
yl]phenyl}carbamoy!)pyrrolidin-
1-yl]-2-o0x0-1-
phenylethyl}carbamate

tert-butyl {(1R)-2-[(28)-2-({4-[5-
({[(2S)-1-acetylpyrrolidin-2-
yl]carbonyl Jamino)-1H-indol-2-
yl]phenyl}carbamoy!)pyrrolidin-
1-yl]-2-o0x0-1-
phenylethyl}carbamate

tert-butyl {(1R)-2-oxo-1-phenyl-
2-[28)-2-({2-[4-({[(28)-1-
(propan-2-yl)pyrrolidin-2-
yl]carbony! }amino)pheny!]-1H-
indol-5-yl}carbamoyl)pyrrolidin-
1-ylJethyl}carbamate
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Example Structure MW Name
66 523.64 N-{2-[4-(acetylamino)phenyl]-
1H-indol-5-y1}-1-[(2R)-2-
CH; i (dimethylamino)-2-
/ N \ phenylacetyl]-L-prolinamide
CH; NH
¢}
O
67 563.706  N-{2-[4-(acetylamino)phenyl]-
Q 1H-indol-5-yl}-1-[(2R)-2-phenyl-
§ 2-(piperidin-1-yl)acetyl]-L-
N CH;z 1 d
\ prolinamide
N, NH
e}
68 811.99  tert-butyl [(1R)-2-{(28)-2-[(2-{4-
- H QNS [({(28)-1-[(2R)-2-
> o @ N N % (dimethylamino)-2-
CH37/ N, \ NH N phenylacetyl]pyrrolidin-2-
CH; O N ICH3 yl}carbonyl)amino]pheny!}-1H-
0 O H O wN indol-5-yl)carbamoyl]pyrrolidin-
\CH3 1-yl}-2-ox0-1-
phenylethyl]carbamate
69 811.99  tert-butyl [(1R)-2-{(28)-2-[(4-{5-
- H Q& [({28)-1-[2R)-2-
/ 3 N N >—\ (dimethylamino)-2-phenylacetyl]
N \ NH N pyrrolidin-2-yl}carbonyl)amino]-
CHs fo) 1H-indol-2-yl}phenyl)
O g 0 % carbamoyl]pyrrolidin-1-yl}-2-
an o) oxo-1-phenylethyl]carbamate
7/)<m3
EEGThe:
70 810.017  (28)-1-[(2R)-2-(dimethylamino)-
H QNS 2-phenylacetyl]-N-{4-[5-({[(2S)-
N N >—\ 1-{(2R)-2-[(3,3-
2! \ NH N dimethylbutanoyl)amino]-2-
e} N ICHS phenylacetyl}pyrrolidin-2-
O H O wN yl]carbonyl}amino)—ll H—indol-Z—
\CH3 yl]phenyl}pyrrolidine-2-
carboxamide
(28)-1-(cyclopropylacetyl)-N-(4-

CH; N
i Y
*CH; O
H T 660.823
N ; {5-[{28)1-[(2R)-2-
\ (dimethylamino)-2-
N phenylacetyl]pyrrolidin-2-
fo} yl}carbonyl)amino]-1H-indol-2-
yl}phenyl)pyrrolidine-2-
carboxamide

71
H
N
NH
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167

Name
(28)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl]-N-(2-{4-[({(2S)-

1-[(2R)-tetrahydrofuran-2-
ylearbonyl]pyrrolidin-2-
yl}carbonyl)amino]pheny!}-1H-
indol-3-yl)pyrrolidine-2-

Example

carboxamide

Structure
72 H & 676.823

N g

g ) 7%3
0
CH; N NH o

0
0

N,
CH; (6]

73
CH;

CHﬁ/OTH !
r

CH; O

H
CH; CH; N N
?/\/N
0
0

74
/
CH;

75
H
N

76

ZT
Z
jus)

77

920.035

tert-butyl [(1R)-2-{(2S)-2-[(4-{5-
[({(28)-1-[(2R)-2-[(tert-
butoxycarbonyl)amino]-2-(4-
fluorophenyl)acetyl]pyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-
yl}phenyl)carbamoy!]pyrrolidin-
1-yl}-1-(4-fluorophenyl)-2-
oxoethyl]carbamate

(28)-1-{(2R)-2-[methyl(3-
methylbutyl)amino]-2-

phenylacetyl}-N-{4-[5-({[(2S)-1-
{(2R)-2-[methyl(3-methylbutyl)

amino]-2-phenylacetyl}
pyrrolidin-2-yl]carbonyl }amino)-
1H-indol-2-yl]phenyl}
pyrrolidine-2-carboxamide

852.142

(28)-1-[(28)-tetrahydrofuran-2-
ylcarbonyl]-N-(4-{5-[({(2S)-1-
[(2S)-tetrahydrofuran-2-
ylearbonyl]pyrrolidin-2-
yl}carbonyl)amino]-1H-indol-2-

yl}phenyl)pyrrolidine-2-
carboxamide

613.72

777.972  N-(tert-butoxycarbonyl)-D-valyl-
N-{4-[5-({1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]-L-prolyl }amino)-
1H-indol-2-yl]phenyl}-L-
prolinamide

(28)-1-[(2R)-2-(dimethylamino)-
2-phenylacetyl]-N-{2-[4-({[(2S)-
1-(1,3-oxazol-2-
N ylearbonyl)pyrrolidin-2-
yl]carbony! }amino)pheny!]-1H-
indol-5-yl }pyrrolidine-2-
carboxamide

673.778
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Structure MW Name

78 om, Sy 860.032  tert-butyl [(1R)-2-{[(2S)-1-({4-
CH; S N N [5-({(28)-2-[{ 2R)-2-[(tert-
%/O % N N\ ~CH; butoxycarbonyl)amino]-2-
CH; T NH N phenylacety!}(methyl)amino]
fo} 0 H propanoyl famino)-1H-indol-2-
N yl]phenyl}amino)-1-oxopropan-

O,
T CH; 2-yl](methyl)amino }-2-oxo-1-
phenylethyl]carbamate

567.694  tert-butyl {(1R)-2-[(28)-2-({2-[4-

79 CH;
CHs (methylamino)phenyl]-1H-indol-
5-yl}carbamoyl)pyrrolidin-1-yl]-

d CHj 2-oxo0-1-phenylethyl }carbamate
NH N I
N
O
s D \

=z

(28)-1-[(2R)-2-(dimethylamino)-

80 696.857
- 0, & 2-phenylacetyl]-N-{2-[4-({[(2S)-
CH; N & 1-(phenylacetyl)pyrrolidin-2-
/ N \ yl]carbony! }amino)pheny!]-1H-
CcH N, NH N indol-5-yl }pyrrolidine-2-
N carboxamide

o

765.964 (28)-1-{[(3R)-1-benzylpyrrolidin-

81 H &
N, H 5 3-yl]carbonyl }-N-(4-{5-[({(2S)-
H AN 7/\ 1-[(2R)-2-(dimethylamino)-2-
N N e
o phenylacetyl]pyrrolidin-2-
CH; "N NH 02”' yl}carbonyl)amino]-1H-indol-2-
- yl}phenyl)pyrrolidine-2-

carboxamide

7 —
o
o

CH;

765.964 (285)-1-{[(3S)-1-benzylpyrrolidin-

82 H g
N, 5 5 3-yl]carbonyl}-N-(4-{5-[({(28)-
H AN 7/\ 1-[(2R)-2-(dimethylamino)-2-
N N e
o phenylacetyl]pyrrolidin-2-
CH; N NH o yl}carbonyl)amino]—ll H—indol-Z—
yl}phenyl)pyrrolidine-2-

0 .
carboxamide
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Example Structure MW Name
83 719.935  N,N-dimethyl-D-leucyl-N-{4-[5-
cn I Q & ({1-[(2R)-2-(dimethylamino)-2-
/ 3 N N d j phenylacetyl]-L-prolyl }amino)-
1H-indol-2-yl]phenyl}-L-
CH?I \ NH N prolinamide
o] N CHs
O
" N
CH3 CH3
CH;
84 577.733  N-(2-{4-[(cyclopentylcarbonyl)
0, amino Jphenyl}-1H-indol-5-yl)-1-
CH; § [(2R)-2-(dimethylamino)-2-
/ N phenylacetyl]-L-prolinamide
N A\
NH
CH; 0
0 i
85 652.8 tert-butyl [(28)-1-({4-[5-({1-
cH I Q £ [(2R)-2-(dimethylamino)-2-
/ 3 N N \ N O phenylacetyl]-L-prolyl }amino)-
N < 1H-indol-2-yl]phenyl}amino)-1-
CH; 0 Q NH  HN Cl CH oxopropan-2-yl]carbamate
0 X 0
CH;
714872 tert-butyl [(1S)-2-({4-[5-({1-
(2R)-2-(dimethylamino)-2-

86
CH; g
/ N
N N\
© N
H

CH;
0

87 CH,
CH;

s y,

O

CH;

[
phenylacetyl]-L-prolyl }amino)
1H-indol-2-yl]phenyl}amino)-2-

oxo-1-phenylethyl]carbamate

tert-butyl [(2R)-1-({4-[5-({1-
[(2R)-2-(dimethylamino)-2-
phenylacetyl]-L-prolyl }amino)-
1H-indol-2-yl]phenyl}amino)-3-
methyl-1-oxobutan-2-
yl]carbamate

680.855

cH
e

CH;
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Example 88

(28,2'S)—N,N'-5,6,7,12-tetrahydrobenzo| 6,7 |cyclo-
hepta[1,2-bJindole-3,9-diylbis| 1-(phenylacetyl)pyr-
rolidine-2-carboxamide]

H
N NH
(6]
(6]
Step 1

HNOy/H,S0,
—_—

COOH

(6]
0,N COOH
(6]

To a mixture of HNO; (4 mL) and H,SO, (2 mL) at 0° C.
was slowly added the above carboxylic acid (2 g, 10.4 mmol).
The mixture was stirred under 0° C. for 30 minutes. The
resulting solution was poured into 20 mIL of H,O at 0° C., and
the precipitate was filtered to give compound (2 g) as a yellow

solid. MS (ESI) m/e (M+H"): 238.
Step 2
Hz, Pd, HAC, Aczo
O>N coOoH —
(@]
O
)k N coon
H

To amixture of HOAc (10 mL) and Ac,O (3 mL) was added
the nitro compound from step 1 (1 g, 4.3 mmol) and Pd/C (100
mg, 0.6 mmol). The mixture was stirred under H, for 6 hours.
The catalyst was filtered, and the filtrate was concentrated in
vacuo to give the desired compound (1 g) as a brown solid.
MS (ESI) m/e (M+H™"): 236.

174

Of :\j
NH N
O
Step 3
20
(€]
PPA
B —

25

30

35

40

45

50

55

60

65

COOH
(6]
|
H

The compound from step 2 above (150 mg, 0.64 mmol)
was slowly added to PPA (6 mL) at 100° C. The mixture was
stirred for 3 hours. After cooling, the resulting solution was
poured into 40 ml. mixture of water and ice and extracted
with DCM. The organic layer was concentrated to give the
cyclic product (70 mg) as a brown solid. MS (ESI) m/e
(M+H*): 218.

Step 4

0

OO
)J\g

N
0 /O/\NHZ
)kg
0
ot atal
W O 7 NH

jus)

10% HAc/EtOH

_—
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To a solution of the ketone from step 3 (140 mg, 0.65
mmol) in 10% HOAc/EtOH (10 mL) was added 4-acetami-
dophenylhydrazine (144 mg, 0.72 mmol). The mixture was
stirred at reflux for 4 hours. After cooling, the resulting solu-
tion was concentrated in vacuo, washed with water and
extracted by EtOAc. The organic layer was concentrated in
vacuo to give the desired compound (200 mg) as a brown
solid. MS (ESI) m/e (M+H™"): 348.

Step 5
o)
H > HCL
YN AN O NH -
o NH

O
O NH

To a solution of the product from step 4 above (200 mg,
0.57 mmol) in EtOH (10 mL) was added 6N HCI (2 mL, 12
mmol). The mixture was stirred at reflux overnight and
cooled, and the resulting solution was concentrated then puri-
fied by silica gel flash chromatography (petroleum ether/ethyl
acetate=5:1) to give the desired compound (150 mg) as a
brown solid. MS (ESI) m/e (M+H™): 264.

Step 6

To a solution of the aniline from step 5 (40 mg, 0.15 mmol)

30

in MeCN (5 mL) was added the proline analog (70 mg, 0.3 60

mol), HATU (250 mg, 0.6 mmol) and DIPEA (80 mg, 0.6
mmol). The mixture was stirred overnight. The resulting
solution was purified by pre-HPLC to give the desired
compound (10 mg) as a brown solid. "H NMR §: 7.62-7.20

(m, 16H), 4.58-4.54 (m, 2H), 3.79-3.60 (m, 6H), 2.95 65

(m, 2H), 2.80 (m, 2H), 2.26-1.94 (m, 8H). MS (ESI) m/e
(M+H"): 694.

176
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Examples 89-98

Compounds of Examples 89-98 were prepared in a similar
manner as described in Example 88.

Example Structure MW Name
89 0 679.826  (28,2'S)-N,N'-6,11-dihydro-5H-
% é\\ benzo[a]carbazole-3,8-diylbis[1-
N \ (phenylacetyl)pyrrolidine-2-
\ O NH N carboxamide]
o ° N
H
O
90 u fo) o 711.825 dibenzyl (28,2'S)-2,2"-(6,11-
N S dihydro-5H-benzo[a]carbazole-3,8-
N \ diyldicarbamoyl)dipyrrolidine-1-
/K o NH N carboxylate
o” "0 i )\
O O
91 O, 528453 N-(8-bromo-6,11-dihdro-5H-

&
Br. $ benzo[a]carbazol-3-yl)-1-
\ (phenylacetyl)-L-prolinamide

910.092  di-tert-butyl (6,11-dihydro-5H-

92 I o) o
N > s benzo[a]carbazole-3,8-
@ O j \‘/ diylbis{carbalnoyl(zS)pyrrolidine-
NH N 2,1-diyl[(1S)-2-0x0-1-phenylethane-
Y g 2,1-diyl]})biscarbamate

93 O, R 643.586 tert-butyl [(18)-2-[(28)-2-[(8-
Br. > .‘:“\j bromo-6,11-dihydro-5H-
benzo[a]carbazol-3-
O \ \\/ yl)carbamoyl]pyrrolidin-1-yl}-2-

oxo-1-phenylethyl]carbamate
N H
H N O
o \“/
¢}

94 765.942  (28,2'S)-N,N'-6,11-dihydro-5H-

& benzo[a]carbazole-3,8-diylbis{1-
& [(2R)-2-(dimethylamino)-2-
/ N phenylacetyl]pyrrolidine-2-
_—N, carboxamide}
O
¢}

.n\\\N
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Example Structure MW Name

95 779.968 (28,2'S)-N,N-3,6,7,12-
tetrahydrobenzo[6,7]cyclohepta[l,2-
N Q blindole-3,9-diylbis{1-[(2R)-2-
/ N o (dimethylamino)-2-
\ \ phenylacetyl]pyrrolidine-2-
carboxamide}

o
Z

aunN

96 (¢] & 562.718 N-(6,11-dihydro-5H-
~° benzo[a]carbazol-3-yl)-1-[(2S)-2-
[(3,3-dimethylbutanoyl)amino]-2-
\ NO N phenylacetyl }-L-prolinamide
N H
H N

97 o) & 564.69  tert-butyl {(1R)-2-[(25)-2-(6,11-
& dihydro-5H-benzo[a]carbazol-3-
ylearbamoyl)pyrrolidin-1-yl]-2-oxo-
\ NH N 1-phenylethyl}carbamate
H
N N 0

98 924.119 di-tert-butyl (5,6,7,12-
tetrahydrobenzo[6,7]cyclohepta[l,2-

N N >—\ j blindole-3,9-
H \ NH N diylbis{carbamoyl(2S)pyrrolidine-
N, 0 H 2,1-diyl[(1R)-2-0x0-1-

0 N
X \n/ Y H o ,\\N 0 phenylethane-2,1-
(0] \n/ diyl]})biscarbamate
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Example 99

tert-butyl {(1R)-2-[(28)-2-(5-{4-[5-({[(2S)-1-{(2R)-
2-[(tert-butoxy carbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-yl]carbonyl }amino)-1H-
indol-2-yl]phenyl}-1H-imidazol-2-yl)pyrrolidin-1-
yl]-2-0x0-1-phenylethyl }carbamate

182

H
N
N
BocHN <j\’( \ Q / |N
o © N NJ\,M\“\
H H
1
O

Step 1
0
NI, o HATU
HCL N
HO |
Br Cbz
0 [ ;
0 Xy N
\
Cbz
NH
Br

HATU (20 g, 52.3 mmol) was added to a heterogeneous
mixture of the amino ketone (12 g, 48.5 mmol) and L-Cbz-
Pro (12.4 g, 50 mmol) in MeCN (156 mL.). The mixture was
cooled in an ice-water bath, and immediately afterward
DIPEA (27 mL, 155 mmol) was added dropwise. After the
addition of the base, the cooling bath was removed, and the
reaction mixture was stirred for an additional 50 minutes. The
volatile component was removed, and water (125 mL) was
added to the resulting crude solid and stirred for about 1 hour.
The oft-white solid was filtered and washed with copious
water, and dried in vacuo to provide the desired compound as
a white solid (20.68 g). MS (ESI) m/e (M+H™"): 446.

Step 2
o O NH4OAc
o —_—
0 \I\“‘ N\ 140C
Cbz

Br

25

40

45

50

55

60

"I NHBoc

-continued
N
g N
Cb /

z

Br

A mixture of the product from step 1 above (12.8 g, 31.12
mmol) and NH,OAc (12.0 g, 155.7 mmol) in xylenes (155
ml.) was heated in a sealed tube at 160° C. for 2 hours. The
volatile component was removed in vacuo, and the residue
was partitioned carefully between EtOAc and water, where
by enough saturated NaHCO; solution was added so as to
make the pH of the aqueous phase slightly basic after the
shaking of the biphasic system. The layers were separated,
and the aqueous layer was extracted with an additional
EtOAc. The combined organic phase was washed with brine,
dried, filtered, and concentrated in vacuo to yield a yellow
solid. MS (ESI) m/e (M+H*): 426. 'H NMR (CDCl,) &:
731-7.52 (m, 9H), 7.17 (s, 1H), 5.12~5.20 (m, 2H),
5.00~5.01 (m, 1H), 3.50~3.52 (m, 2H), 2.96~2.97 (m, 1H),
1.97~2.17 (m, 3H).

Step 3
N
[ Se]
N N +
" I

Cbz
Br

Pd(dppH)Cl>
Na2C03

A

N
Boce

B(OH),
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{
OO«
N N
Boce H

/N

A mixture of the product from step 2 above (327 mg, 0.77
mmol), indole boronic acid from Example 42 (290 mg, 0.77
mmol), Pd(dppH)Cl, (56 mg, 0.077 mmol), Na,CO, (244 mg,
2.3 mmol), THF (20 mL) and H,O (2 mL.) was refluxed under
N, overnight. The mixture was poured into water and
extracted with CH,Cl,. The organic phase was combined,
dried over Na,SO, and filtered to give the desired compound,
which was used directly in the next step. MS (ESI) m/e
(M+H"): 678.

o0

QWWg

5

10

15

60

65

184
Step 4

%3

A solution of the product of step 3 in HCI/CH;OH (5 N)
was stirred for 3 hours. Concentration in vacuo afforded the
crude product. MS (ESI) m/e (M+H™): 478.

Step 5

OH

‘\“\>

;‘“>

This reaction was carried out using the standard
HATU-mediated coupling procedure described in step 1
between Boc-L-Pro-OH and the product from step
4 above. MS (ESI) m/e (M+H™*): 808. '"H NMR (MeOD) &:
8.95 (bs, 1H), 6.82~7.56 (m, 17H), 6.50~6.62 (m, 1H),
5.74 (bs, 1H), 5.38~5.39 (m, 1H), 4.91~5.08 (m, 2H), 4.66
(bs, 1H), 3.79 (bs, 1H), 3.40~3.54 (m, 2H), 3.19 (bs,
1H), 1.93~2.25 (m, 4H), 1.75~1.88 (m, 4H), 1.35~1.32 (m,
9H).
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Step 6

@Ww§

%Wg

To a solution of the product from step 5 (220 mg, 0.3 mmol)
in 20 mL of AcOH was added 3 mL. 0f 48% HBr. The solution
was heated to 80° C. for 6 hours. The volatiles were removed
in vacuo, and the residue was dissolved in DCM/i-PrOH
(3:1), washed with saturated Na,CO; and brine, dried and
concentrated in vacuo to give a solid, which was used in the
next step directly. MS (ESI) m/e (M+H™): 441.

Step 7

Oww%

30

35

186

HBr AcOH
80 C.

;‘“>

;‘“>

DIPEA (2.4 mmol), added dropwise over 13 minutes. After
the addition of the base was completed, the cooling bath was
removed, and the reaction mixture was stirred for an addi-
tional 30 minutes. The volatile component was removed in
vacuo; water was added to the resulting crude solid and stirred
for about 1 hour. The off-white solid was filtered, washed with
water, and dried in vacuo to provide the desired compound as
a white solid. MS (ESI) m/e (M+H*): 908. 'H NMR (MeOD)

HATU
—_—

i\‘>

RS
N

"I NHBoc

A cooled solution containing HATU (0.6 mmol), the 65 d: 7.66~7.84 (m, 6H), 7.28~7.40 (m, 12H), 6.80 (s, 1H),

diamine from step 6 above (132 mg, 0.3 mmol) and R-Boc-
Pro (129 mg, 0.6 mmol) in MeCN (3 mL), was treated with

5.40~5.45 (m, 2H), 5.18~5.20 (m, 1H), 3.70~4.02 (m, 4H),
1.80~2.12 (m, 8H), 1.35~1.37 (m, 18H).
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Examples 100-116

Compounds of Examples 100-116 were prepared in a simi-
lar manner as described in Example 99.

188

Example Structure

MW

Name

100 _/>
CH; :

o_ u
ey 7//N
0

CH;

-0

Tz

101

0
&
Z

NH N
O H

102

s

CH;

CH;
CH;

103

7

7 Nz

zzg
Z

Lttt

807.958

762.963

604.715

762.963

104 CH;

2
O%
e
&
st

791.958

benzyl (2S)-2-[5-(4-{5-
[(1-{(2R)-2-[(tert-
butoxycarbonyl)
amino]-2-
phenylacetyl}-L-
prolyl)amino]-1H-
indol-2-yl}phenyl)-1H-
imidazol-2-
yl]pyrrolidine-1-
carboxylate

1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]-N-{2-[4-
(2-{@S)1-[2R)-2-
(dimethylamino)-2-
phenylacetyl]
pyrrolidin-2-yl}-1H-
imidazol-5-yl)phenyl]-
1H-indol-5-yl}-L-
prolinamide

tert-butyl {(1R)-2-
[(28)-2-({2-[4-(1H-
imidazol-4-yl)phenyl]-
1H-indol-5-
yl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1

phenylethyl }carbamate

1-[(28)-2-
(dimethylamino)-2-
phenylacetyl]-N-{2-[4-
(2-{(2S)1-[(28)-2-
(dimethylamino)-2-
phenylacetyl]
pyrrolidin-2-yl}-1H-
imidazol-5-yl)phenyl]-
1H-indol-5-yl}-L-
prolinamide

tert-butyl {(1R)-2-0xo-
1-phenyl-2-[(2S)-2-
{2-(4-{2-[(25)-1-
(phenylacetyl)
pyrrolidin-2-yl]-1H-
imidazol-5-yl}phenyl)-
1H-indol-5-
yl]carbamoyl}
pyrrolidin-1-
yl]ethyl}carbamate
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Example Structure MW

Name

715.86

105 CH;

. ottt

NH

=z

CH;

793.931

106 CH;3

mz/

o
~

O

107 835.027

pdan)

N\

N
H

H
N\>
(6]

CH
g P
ay

\

CH;

108 893.064

ZIT

tert-butyl{(1R)-2-
[(28)-2-{[2-(4-{2-
[28)-1-
acetylpyrrolidin-2-yl]-
1H-imidazol-5-
yl}phenyl)-1H-indol-5-
yl]carbamoyl}
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

benzyl (2S)-2-(5-{4-[5-
({1[(2R)-2-phenyl-2-

{{tpropan-2-

yloxy)carbonyl]amino}

acetyl]-L-
prolyl}amino)-1H-

indol-2-yl]phenyl}-1H-

imidazol-2-
ylpyrrolidine-1-

carboxylate

tert-butyl {(1R)-2-
[(28)-2-({2-[4- (-
{(28)-1-[2R)-2-
(dimethylamino)-2-
phenylacetyl]
pyrrolidin-2-yl}-1H-
imidazol-5-yl)phenyl]-
1H-indol-5-
yl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

propan-2-yl[(1R)-2-
{(28)-2-[1-methyl-4-
(@-{5-[({(25)-1-[(2R)-
2-phenyl-2-{[(propan-
yloxy)carbonyl]amino}
acetyl]pyrrolidin-2-
yl}carbonyl)amino]-
1H-indol-2-yl}phenyl)-
1H-imidazol-2-
yl]pyrrolidin-1-yl}-2-
oxo-1-
phenylethyl]carbamate



US 9,090,661 B2
191 192

-continued

Example Structure MW Name

701.833  propan-2-yl {(1R)-2-
7/CH3 [(28)-2-{[2-(4-{2-
§ [(28)-1-

acetylpyrrolidin-2-yl]-
% \ / N 1H—imidaqu—5-
5 yl{phenyl)-1H-indol-5-
N N
H H

it yl]carbamoyl}
pyrrolidin-1-yl]-2-oxo-
N -

CH; « phenylethyl }carbamate
@]

N 659.795  propan-2-yl {(1R)-2-
/ \ oxo-1-phenyl-2-[(2S)-

- 2-{[2-(4-{2-[(2S)-
N N g pyrrolidin-2-yl]-1H-

imidazol-5-yl}phenyl)-
CH;

cH AN 1H-indol-5-
\|/ 3 N NH yl]carbamoyl}

rrolidin-1-
Py py.

yl]ethyl}carbamate
T ’

110

111 547.663  propan-2-yl {(1R)-2-
[(28)-2-{5-[4-(1 H-
indol-2-yl)phenyl]-1H-
imidazol-2-
yl}pyrrolidin-1-yl]-2-
oxo-1-
phenylethyl }carbamate

mz/

112

489.626 (2R)-2-
§/> (dimethylamino)-1-
U : CH; [(28)-2-{5-[4-(1H-
N \ indol-2-yl)phenyl]-1H-
\ | N imidazol-2-
\ N B yl}pyrrolidin-1-yl]-2-
g phenylethanone

113 CHj 879.037  propan-2-yl[(1R)-2-
oxo-1-phenyl-2-{(2S)-

B 2'[(5'(‘;'{5'5{(215)'1'
0O H N [(2R)-2-phenyl-2-
N, \ / |N {[(propan-2-
(0] . yloxy)carbonyl]amino}
A
0 0 NH N -
N
(0]

acetyl]pyrrolidin-2-
yl{carbonyl)amino]-
1H-indol-2-yl}phenyl)-
1H-imidazol-2-
0 yl]pyrrolidin-1-

CH; yl}ethyl]carbamate
o~ N
H
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Example Structure MW Name

114 N 821 propan-2-yl {(1R)-2-
/\ [(28)-2-({2-[4-(-
o {(28)-1-[(2R)-2-
N \ (dimethylamino)-2-
% \ H N ph‘.:nlylacetyl]
CH;3 CH; NH 0 . pyrrohdm—2—yl}— 1H-
N imidazol-5-yl)phenyl]-
0 CHs 1H-indol-5-

AN yl{carbamoyl)

\n/ (0] \ pyrrolidin-1-yl]-2-oxo-
CH; 1

¢} phenylethyl }carbamate

—~

O
ZT!

115 582.108  propan-2-yl {(1R)-2-
[(28)-2-{4-[4-(3-
CHs chloro-1H-indol-2-
H [e) yl)phenyl]-1H-
&V imidazol-2-
& CH; yl}pyrrolidin-1-yl]-2-
0 oxo-1-
phenylethyl }carbamate
116 N 754.894  N-(methoxycarbonyl)-
/ \ L-valyl-N-{2-[4-(2-
{@28)-1-[N-
N \ (methoxycarbonyl)-L-
% N H N valyl]pyrrolidin-2-yl}-
NI o 1H-imidazol-5-
CH; N yl)phenyl]-1H-indol-5-
(|) § oy yl}-L-prolinamide
0 CH; O\
CH; CH;

CH;

Example 117
45

Propan-2-yl [(1R)-2-0x0-1-phenyl-2-{(2S)-2-[3-(4-
{5-[({(29)-1-[(2R)-2-phenyl-2-{[(propan-2-yloxy)
carbonyl]amino }acetyl|pyrrolidin-2-yl}carbonyl)
amino]-1H-indol-2-yl }phenyl)-1H-pyrazol-5-yl]
pyrrolidin-1-yl }ethyl]carbamate
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Step 1 Step 3

NazCO3
(Boc)hN Pd(dppfCls

THF/H,0
10 A\ BOH), — 2 o
reflux, 24 h

15

N(Boc),

A mixture of the product from step 2 above (0.77 mmol),
indole boronic acid from Example 42 (290 mg, 0.77 mmol),
A solution of 4-bromophenylacetylene (5.0 g, 27.6 mmol) Pd(dppf)Cl, (56 mg, 0.077 mmol), Na,CO; (244 mg, 2.3

in THF (100 mL) at 0° C. was treated a solution of EtMgBr mmol) ; THE (20 I.nL) and H,0 (2 mL) was refluxed under N,
overnight. The mixture was poured into water and extracted

(3M in THF, 9.84 mL, 29.5 mmol). After 10 minutes, the 5 it CH,Cl,, dried over Na,SO, and filtered to give the

cooling bath was removed, and the mixture was allowed to stir desired compound, which was used directly in the next step.
MS (ESI) m/e (M+H"): 678.

at RT for 3 hours. The reaction mixture was then cooled to 0° Step 4
ep

C. and added to the Weinreb amide of Z-proline (6.10 g, 20.9
mmol) in THF (50 mL). The reaction mixture was warmed to DCM
RT for 48 hours. The reaction mixture was quenched with
saturated NH,Cl and diluted with EtOAc/H,O. The aqueous
phase was back-extracted with EtOAc (2x), and the combined
organic layers were washed (H,O, brine), dried (Na,SO,),
and filtered. The solvent was removed, and the residue was
purified by silica gel (PE:EA=10:1-4:1) to give the product
(7.0 g) as a cream-colored solid. '"H NMR (CDCl,) §:
7.37~7.47 (m, 2H), 7.10~7.30 (m, 7H), 4.98~5.32 (m, 2H),

432~4.47 (m, 1H), 3.45~3.61 (m, 2H), 2.15~2.27 (m, 1H), A sofution of the product from step 3 above (339 mg, 0.5
solution of the product from step 3 above mg, 0.

2.03~2.12 (m, 1H), 1.76~193 (m, 2H). M8 (ESD) m/e mmol) was dissolved in 3 mL of DCM and cooled to 0° C.

(M+H™): 413. After the addition of 3 mL of TFA, the reaction mixture was

warmed to RT and stirred for 3 hours. Removal of the solvent

NH,

Step 2 » left the desired product as an oil, which was used directly in
the next reaction. MS (ESI) m/e (M+H™): 378.
NH,NH, Step 5
ethanol
N-Boc-Pro-OH
50 PyBOP
NMM/DMF

60 A solution containing PyBOP (0.3 mmol), the amine from
step 4 above (132 mg, 0.3 mmol) and N-Boc-L-Pro-OH (62
mg, 0.3 mmol) in DMF (2 mL) was treated with N-methyl-

hvdrazine hvdrate (85%. 1.6 mL) in E(OH (50 ml. morpholine (1.2 mmol). The reaction mixture was stirred for

ydrazine hydrate (85%, 1.6 mL) in . ( . mL) was 3 hours, diluted with EtOAc and washed with water (5x). The
heated at 80° C. for 16 hours. The reaction mixture wWas ¢s oroanic phase was dried and concentrated then chromato-
cooled and concentrated to afford the desired product (6.7 g). graphed by RPLC to afford the desired compound. MS (ESI)

MS (ESI) m/e (M+H™): 426. m/e (M+H™): 675.

A mixture of the product from step 1 (7.0 g, 17 mmol) and
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Step 6

Pd/C, MeOH

25
The product from step 5 (100 mg, 0.15 mmol) was dis-
solved in MeOH and treated with 20 mg of 20% Pd(OH), then
hydrogenated at 45 psi for 4 hours. The catalyst was removed
by filtration through CeLITE, and the filtrate was evaporated to
leave the desired product. MS (ESI) m/e (M+H"): 541.
Step 7

A solution of the product from step 6 above was dissolved
in 2mlL of DCM and 2 mL of TFA. The reaction mixture was
stirred for 3 hours before the solvent was evaporated to give 55
the desired product as an oil, which was used directly in the
next reaction. MS (ESI) m/e (M+H™"): 441.
Step 8

PyBOP
NMM/DMF

—_—

—_—
H,(45 psi)

198
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-continued

200

A solution containing PyBOP (0.6 mmol), the diamine
from step 7 above (132 mg, 0.3 mmol) and R-i-Proc-Phg-OH
(125 mg, 0.6 mmol) in DMF (5 mL.) was treated with N-me-
thylmorpholine (2.4 mmol). The reaction mixture was stirred
for 3 hours, diluted with 20 mL of EtOAc and washed with
water (5x). The organic phase was dried and concentrated
then chromatographed by RPLC to afford the desired com-
pound. '"H NMR (MeOD) &: 7.70~7.80 (m, 4H), 7.05~7.55
(m, 14H), 6.80~7.00 (m, 1H), 5.10~5.50 (m, 3H), 4.40~4.65
(m, 2H), 3.25~4.00 (m, 4H), 1.70~2.40 (m, 9H), 1.05~1.20
(m, 12H). MS (ESI) m/e (M+H™"): 880.

Example 118

Propan-2-yl [(1R)-2-0x0-1-phenyl-2-{(2S)-2-[5-(4-
{5-[({(29)-1-[(2R)-2-phenyl-2-{[(propan-2-yloxy)
carbonyl]amino }acetyl|pyrrolidin-2-yl}carbonyl)
amino]-1H-indol-2-yl}phenyl)-1,3-thiazol-2-yl]
pyrrolidin-1-yl}ethyl]carbamate

Step 1

m ) 01)1\0/\
2) NH;, H,0

bz

20

25

30

35

60

65

-continued

Ethyl chloroformate (12 mlL., 125 mmol) in 180 mL of THF
was added drop-wise to a cooled solution (-5° C.) of com-
pound Z-Pro-OH (13.8 g, 55.5 mmol), TEA (7.71 mL, 55.5
mmol). The resulting slurry was stirred for 20 minutes at -5°
C. before saturated NH,OH (15 mL) was added. The solution
was stirred at RT for 18 hours, volatiles were removed, and
the residue was taken up in EtOAc (180 mL). The undissolved
white precipitate was filtered off and rinsed with EtOAc (100
mL). The organic layers were dried over Na,SO, and concen-
trated in vacuo to give the desired product (13.5 g) as off-
white amorphous solid. MS (ESI) m/e (M+H™"): 249.

Ve

"’Z

Step 2
NH, NH,
m Lawessen's reagent m
N (0] - N S

CBz CBz
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Lawesson’s reagent (16.1 g, 39.9 mmol) was added to a
stirred slurry of the amide (18 g, 72.6 mmol) in PhMe (200
mL) at RT. The reaction mixture was heated to 100° C. for 3
hours before the solvent was removed. The residue was puri-
fied by flash SiO, chromatography (DCM/MeOH=1:0-20:1)
to afford the product (18 g). MS (ESI) m/e (M+H™): 265.
Step 3

(@)
ethanol, reflux
Br _—
Br

Br

A mixture of the thioamide from step 2 (10.0 g, 37.8 mmol)
and the bromoacetophenone (10.0 g, 35.9 mmol) in EtOH
(100 mL) was heated at 90° C. for 150 minutes. The reaction
mixture was cooled and concentrated, and the residue was
purified by SiO, chromatography to afford the product (11 g).
MS (ESD) m/e (M+H™): 444.

Step 4

A
g;/

10

15

20

25

30

35

202

’”Z
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The product from step 3 above can be converted to the final
compounds using the same procedure as described in
Example 117, steps 4-8. "H NMR (MeOD) &: 7.00~8.10 (m,
19H), 5.40~5.60 (m, 3H), 4.50~4.70 (m, 1H), 3.45~4.10 (m,
4H), 3.35~3.40 (m, 1H), 1.80~2.6 (m, 9H), 1.05~1.30 (m,
12H). MS (ESI) m/e (M+H"): 897.

Example 119

propan-2-y1 [(1R)-2-0x0-1-phenyl-2-{(2S)-2-[2-(4-
{5-[({(29)-1-[(2R)-2-phenyl-2-{[(propan-2-yloxy)
carbonyl]amino }acetyl|pyrrolidin-2-yl}carbonyl)
amino]-1H-indol-2-y1}phenyl)-1H-imidazol-5-y1]
pyrrolidin-1-yl}ethyl]carbamate

\(

HN

Step 1

NH
"™
N LiHMDS NH,
—_—
HCl
Br Br

To a solution of 4-bromobenzonitrile (1.82 g, 10 mmol) in
anhydrous THF (50 mL) was added LiHMDS (2N, 15 mmol)
under N, atmosphere at RT, and the mixture was stirred for 1
hour. After quenching with 1N HCl, the reaction mixture was
heated at reflux for 5 minutes. The precipitate was collected
by filtration and then dried in vacuo to give the desired com-
pound (1.9 g). "H NMR (DMSO) 8: 7.74 (d, 2H, J=8.2 Hz),

7.62 (d, 2H, J=8.2 Hz) 6.43 (br, 3H).
Step 2
O
O )I\ O
O s
Igbz OH Igbz Br

To a solution of Cbz-Pro-OH (2.9986 g, 12.0 mmol) in
THF (100 mL) was added TEA (1.7 mL, 12.2 mmol). The
solution was cooled to —25° C. and ethyl chloroformate (1.6
ml, 12.3 mmol) was added. The resulting solution was stirred
at RT for 1 hour. The precipitate was removed by filtration,
and the filtrate was used in next step without purification. A
solution of 0.5 M diazomethane was added to the above

10

0s N 0
Qe e e
N i i

35

40

45

50

55

60

65
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reaction mixture. The sample was stirred at —10° C. for 1 hour.
The reaction mixture was concentrated to one half of its
original volume and washed once with saturated NaHCO; (50
mL). The organic layer was dried over MgSO, and filtered.
The crude material was adsorbed onto silica gel and purified
by flash chromatography (40 g SiO,, 0-50% ethyl acetate in
hexanes) to give the diazoketone (2.29 g). 'H NMR (CDCl,)
d:7.32 (m, SH) 5.13 (m, 2H), 4.61 (m, 1H), 3.81, 4.03, 4.17
(s, AB quartet, 2H, J=4.0 Hz), 3.58 (m, 2H), 1.88-2.09, 2.17-
2.38 (2, br m, 4H).

To a solution of the N-carbobenzyloxy-L-proline diazoke-
tone (1.0 g, 3.6 mmol) in anhydrous diethyl ether (10 m[.) was
added a saturated solution of HBr in diethyl ether until N,
evolution ceased. The solution was stirred for about 1 hour at

about 25° C., then washed with saturated NaHCO,, water and
brine. The crude material was purified by silica gel column
chromatography and eluted with 40% ethy] acetate in pentane
to obtain the bromoketone (0.49 g) as clear oil. '"H NMR
(CDCl;; mixture of cis-trans amide rotamers) 8: 7.35 (m, SH),
5.28 (t, 1H), 5.17 (m, 2H), 432 (m, 1H), 3.58 (m, 2H),
1.84-2.30 (br m, 4H).

Step 3
NH
0
NI, NaHCO;
* THT
N
Cbz Br Br
N N
it
O%
Br 0]

To a mixture of bromoketone (3.25 g, 10 mmol) and the
amidine (1.97 g, 10 mol) in THF (100 mL) was added
NaHCO; (1.7 g, 20 mmol), and the suspension was stirred at
reflux for 12 hours. The reaction was cooled, concentrated
and chromatographed to give compound 7 (0.425 g). MS
(EST) m/e (M+H™"): 426, 428.
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Step 4

e
N N
N

ok
%‘) IW lo\fb

'”Z

“

The product from step 3 above can be converted to the final Example 120

compounds using the same procedure as described in
Example 117, steps 4-8. '"HNMR (MeOD) 8: 7.7-8.0 (m, 5H), 35
7.3-7.5 (m, 10H), 6.9-7.1 (m, 3H), 6.8 (d, J=4.8 Hz, 10H), 1-{(2R)-2-phenyl-2-{[(propan-2-yloxy)carbonyl]
5.4-5.6 (m, 2H), 5.2-5.3 (m, 1H), 4.8 (s, 2H), 4.5-4.7 (m, amino facetyl]-N-{4-[5-(2-{(28)-1-[2R)-2-phenyl-2-
10H), 4.0 (d, I=2.4 Hz, 1H), 3.7 (d, ]=4.84 Hz, 1H), 3.1-3.3 {[(propan-2-yloxy)carbonyl]amino}acetyl|pyrroli-
(m, 1H), 2.3-2.5 (m, 1H), 1.8-2.2 (m, 1H), 1.1-1.4 (m, 12H). din-2-yl}-1H-imidazol-5-y1)-1-benzofuran-2-yl]
MS (ESI) m/e (M+H™"): 880. phenyl}-L-prolinamide

N

O
Dty @
N N
N
X O Sy
(@] © (@]

~ Ty

55

Step 1

60

—_——
NH;, H,0
65 0
o
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H
N
O_<\ j
N N
%\ % o
@)

Glyoxal (2.0 mL of 40% in water) was added dropwise to
a MeOH solution of NH,OH (32 mL) and (S)-Boc-prolinal
(8.564 g, 42.98 mmol), then the whole was stirred at ambient
temperature for 19 hours. The volatile component was
removed in vacuo, and the residue was purified by a flash
chromatography (silica gel, ethyl acetate) followed by a
recrystallization (ethyl acetate) to provide compound as a
white fluffy solid (4.43 g). '"H NMR (DMSO) &: 11.68/11.59
(brs, 1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m,
1H), 3.35-3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39-1.15 (s, 9H).

Step 2

NBS (838.4 mg, 4.71 mmol) was added in batches over 15
minutes to a cooled (ice/water) CH,Cl, (20 mL) solution of
imidazole (1.06 g, 4.50 mmol). The reaction mixture was
stirred for 75 minutes and concentrated. The crude material
was purified by RPLC to separate the mono bromide from its
dibromo analog and the starting material. The HPLC elute
was neutralized with excess NH;MeOH, and the volatile
component was removed in vacuo. The residue was parti-
tioned between CH,Cl, and water, and the aqueous layer was
extracted with water. The combined organic phase was dried
(MgSO,), filtered, and concentrated to provide compound as
awhite solid (374 mg). "H NMR (DMSO) d: 12.12 (brs, 1H),
7.10 (m, 1H), 4.70 (m, 1H), 3.31 (m, 1H; overlapped with
water signal), 2.25-1.73 (m, 4H), 1.39-1.17 (s, 3.8H+5.2H).

Step 3

m Ne:

Pd(dppf)Cl,, KOAc

Fok
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-continued

e}

o B
O O NOZ

To a mixture of the benzofuran from Example 19, step 1 (15
g,0.05 mol), bis(pinacolato)diboron (25.4 g, 0.1 mol), Pd(dp-
pDCl, (1 g), KOAc (0.1 mol) in dioxane (500 mL) was stirred
at reflux under N, atmosphere for 2 hours. Concentration of
the reaction mixture left a residue that was chromatographed
to give the desired compound (12 g). 'H NMR (DMSO) &:
8.28 (d, I=8.8 Hz, 2H), 8.10 (s, 1H), 7.95 (d, J=8.8 Hz, 2H),
7.72 (d, J=8.8 Hz, 1H), 7.43 (d, J=8.8 Hz, 1H), 7.05 (s, 1H).

Step 4

A\

O

N\

O NOZ
e}
N
| \ Br
Pd(dppf)Cl>
N

—_—
H NazCO3

NBoc

This reaction was conducted in a similar manner to that
described in Example 117. MS (ESI) m/e (M+H*): 475.

Step 5

NBoc

The product from step 4 (475 mg, 1.0 mmol) was dissolved
in EtOH and treated with 20 mg of 10% Pd/C then hydroge-
nated over 5 hours. The catalyst was removed by filtration

through Ckerite, and the filtrate was evaporated to leave the
desired product. MS (ESI) m/e (M+H™): 445.
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Step 6
HATU
NBOC Boc—L-pro
NH,
Boc

A solution containing HATU (1.0 mmol), the amine from
step 5 above (445 mg, 1.0 mmol) and N-Boc-L-Pro-OH (215
mg, 1.0 mmol) in MeCN (10 mL) was treated with DIPEA
(1.2 mmol). The reaction mixture was stirred for 3 hours,
diluted with EtOAc and washed with water (5x). The organic
phase was dried and concentrated then chromatographed by
silica gel chromatography (EtOAc) to afford the desired com-
pound. MS (ESI) m/e (M+H™): 642.

Step 7
N
O, N
{ | 5 S TFA
NBoc g \ ——

NH N
Boce

SN

A solution of the product from step 6 above was dissolved
in 2mlL of DCM and 2 mL of TFA. The reaction mixture was
stirred for 3 hours before the solvent was evaporated to give
the desired product as an oil, which was used directly in the
next reaction. MS (ESI) m/e (M+H™"): 442.

Step 8

~
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40

N
>
&

N
Das 5~
o
> y ¢
N gNH Nj
0 o . .
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A solution containing BOP reagent (222 mg, 0.5 mmol),
the diamine from step 7 above (112 mg, 0.25 mmol) and
R-i-Proc-Phg-OH (125 mg, 0.6 mmol) in DMF (5 mL) was
treated with N-methylmorpholine (2.4 mmol). The reaction
mixture was stirred for 3 hours, diluted with 20 mL of EtOAc
and washed with water (5x). The organic phase was dried and
concentrated, then chromatographed by RPLC to afford the
desired compound. 'H NMR (MeOD) 8: 6.8-7.9 (m, 19H),
5.1-5.5 (m, 3H), 4.5 (m, 1H), 3.5-4.04 (m, 2H), 1.6-2.5 (m,
9H), 0.9-1.3 (m, 12H). MS (ESI) m/e (M+H*): 880.

Example 121

propan-2-yl {(1R)-2-[(2S)-2-(5-{2-[4-(acetylamino)
phenyl]-1H-indol-5-y1}-1,3,4-oxadiazol-2-yl)pyrroli-
din-1-y1]-2-0x0-1-phenylethyl}carbamate

NH

H
N\[(
(J

Step 1
(€]
NaHCO;
HO \ Mel/DMF
N
H

Bop
—

Acid

..\\\\N

7/0

O
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-continued

Tz

A mixture of 5-carboxyindole (32.2 g, 0.2 mol), NaHCO,
(53.36 g, 0.64 mol), methyl iodide (122.22 g, 0.86 mol) in 60
mL of DMF were stirred at RT for 2 days. Water and EtOAc
are added, and the organic layer was washed with bicarbonate
solution, dried and concentrated to obtain 5-(methoxycarbo-
nyl)indole. '"H NMR (DMSO) &: 11.44 (s, 1H), 8.22 (s, 1H),
7.68 (d,1=8.4 Hz, 1H), 7.37~7.47 (m, 2H), 6.56 (d, J=2.0 Hz,
1H), 3.80 (s, 3H). MS (ESI) m/e (M+H™): 176.

Step 2

NH,NH, (85%)
ethanol

reflux, 72 h

=z

NH,

Tz

A mixture of the ester (28 g, 0.16 mmol) and NH,NH,
(85%, 50 mL) in ethanol (200 mI) was heated at reflux for 48
hours. The reaction mixture was concentrated, and the residue
was purified by column chromatography (5% MeOH DCM)
to give compound (25 g). 'HNMR (DMSO0) d: 11.27 (s, 1H),
9.54 (s, 1H), 8.06 (s, 1H), 7.57 (d, J=8.8 Hz, 1H), 7.37 (d,
J=8.8 Hz, 2H), 4.42 (s, 1H), 6.48 (s, 2H), 3.32 (s, 1H). MS
(ESI) m/e (M+H™): 176.

Step 3

0
HATU
TEAJM CN.
HN \ ¢ °
NH, N Cbz
H
0
o N
~
N
¥ N\
Cbz
Ng N

The product from step 3 above was coupled using a stan-
dard HATU amide bond forming procedure. MS (ESI) m/e
(M+H™): 407.
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Step 4
O
o N
~
N PPh3, C,Cl
N \ 3, C2Clg
b CH;CN/DIPEA
VA
N )
S
N (@]
Cb | / NH
VA
N\N

To a suspension of the product from step 3 above (100 g,
0.25 mol), PPh, (98.4 g, 0.375 mol) and DIPEA (96.7 g, 0.75
mol)in CH;CN (500 mL) at RT was added C,Cl (82.8 g,0.35
mol). The reaction was stirred at RT for 1.5 hours, and the
solvent was removed, and the residue was portioned with
EtOAc/H,O. The layers were separated, the aqueous phase
was re-extracted with EtOAc (2x), and the combined organic
layers were removed in vacuo, and the residue purified by
column chromatography (5% MeOH/DCM) to give com-
pound 4 (55 g). MS (ESI) /e (M+H™): 389

Step 5
e Boc,O/DMAP
N o DIPEA/DCM
/ | NH RT,14h
Cbz /
N\
N
S
N O
Cb | N\
g N. N/ Boc

Di-tert-butyl dicarbonate (30.7 g, 142 mmol) was added
drop wise to a solution of indole (55.0 g, 142 mmol), DMAP
(2.0 g) and DIPEA (18.3 g, 142 mmol) in 50 mL of DCM at
0° C. The reaction was allowed to stir to RT overnight before
it was concentrated, and the residue purified by prep TLC
(PE/EA=2:1). MS (ESI) m/e (M+H"): 489.

Step 6

H
B
(j\r 7 on
N (@)
Cbz/ | Y/ N\
N\N Boc

A mixture of compound indole from step 5 (977 mg, 2
mmol), (iPrO);B (3.0 g, 16 mmol) and dry THF (100 mL.) was

1LDA
B(01 Pr)s

5C ,3h
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cooled to 0° C. LDA (prepared from n-Bul.i and iPr,NH in
THEF, about 8 mmol) was slowly added and the mixture was
allowed to warm to RT over 2 hours. The mixture was
quenched by IN HCI to pH=3 and extracted with CH,Cl,
three times. The combined organic phases were combined,
dried over Na,SO, and filtered. The filtrate was concentrated
and purified by column chromatography (PE/DCM=1/1 to
pure CH,Cl, to CH,Cl,/acetone=10/1 to pure acetone) to
afford the product 8 (0.5 g).

Step 7
(l)H
B
A \OH .
N (@]
N
Cbz/ I\! / \Boc
N
Pd(dppf)CL,
THF/H,O

—_—
reflux, 24 h

w

10

A mixture of the product from step 6 (0.38 mmol), indole
boronic acid from Example 42 (145 mg, 0.38 mmol), Pd(dp-
pDCl, (28 mg, 0.038 mmol), Na,CO; (122 mg, 1.15 mmol),
THF (10 mL) and H,O (1 mL) was refluxed under N, over-
night. The mixture was poured into water and extracted with
CH,Cl,. The organic phase was combined, dried over
Na,SO, and filtered to give the desired compound, which was
used directly in the next step. MS (ESI) m/e (M+H™"): 622.
Step 8

.
Cbz/ | V4

N‘N

N Pd/C,
MeOH
fo) H,(45 psi)
_—
45C.,
48 h
then TFA

)

N
\N

The product from step 7 (0.15 mmol) was dissolved in
MeOH and treated with 20 mg of 20% Pd(OH), then hydro-
genated at 45 psi for 4 hours. The catalyst was removed by
filtration through CEeritE, and the filtrate was evaporated then
dissolved in 1 mL. of DCM then treated with 1 mL of TFA.
After stirring for 2 hours, the mixture was evaporated and the
residue was used directly in the next reaction without further
purification. MS (EST) m/e (M+H™): 488.
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Step 9
H
N
Y PyBOP
& NMM/DMF
~
N o RT,14h
peses
4
N

NH

A solution containing PyBOP (44 mg, 0.1 mmol), the
amine from step 8 above (49 mg, 0.1 mmol) and R-i-Proc-
Phg-OH (21 mg, 0.1 mmol) in DMF (1 mL) was treated with
N-methylmorpholine (0.6 mmol). The reaction mixture was
stirred for 3 hours, diluted with EtOAc and washed with water
(five times). The organic phase was dried and concentrated,
then chromatographed by RPLC to afford the desired com-
pound. 'H NMR (MeOD): §7.90~8.35 (m, 1H), 7.70~7.85
(m, 2H), 7.60~7.70 (m, 2H), 7.20~7.52 (m, 7H), 6.55~7.20
(m, 1H), 5.50~5.60 (m, 1H), 5.30~5.50 (m, 1H), 4.75~4.85
(m, 1H), 3.70~4.10 (m, 1H), 3.35~3.50 (m, 1H), 1.95~2.50
(m, 7H), 1.10~1.30 (m, 6H). MS (ESI) m/e (M+H"): 607.

Example 122

(2S)-1-(phenylacetyl)-N-{3-[5-({[(2S)-1-(pheny-
lacetyl)pyrrolidin-2-yl]carbonyl}amino)-1H-indol-2-
yl]phenyl}pyrrolidine-2-carboxamide

Ty
zj

Ph

@*m

Step 1
H
N
\[( )
0 NH,HCI
N
H
O
H
N NMP, 140 C.
—_—
microwave
(@]
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-continued

OO

A solution of the hydrazine (1 g, 5 mmol) and 3-acetylac-
etanilide (0.88 g, S mmol) in NMP (5 ml) was heated at 150°
C. under microwave for 10 minutes. The solution was poured
into water and extracted with EtOAc three times. The organic
layer was washed with water, dried over sodium sulfate and
then concentrated in vacuo. The residue was purified by
RPLC to give the desired compound. MS (m/z): 308 (M+H)™".

Step 2

HN ~<
H
W N ‘ (0]
O O
N
H
NH,
LN l

To aqueous HCl1 (4N, 5 mL.) was added the product from
step 1 above (300 mg, 1 mmol), and the mixture was heated at
reflux for 1 hour. The reaction mixture was cooled and con-
centrated, and the residue was purified by RPLC to give
compound (200 mg). MS (m/z): 224 (M+H)™.

Step 3
N
L b

PhCH,

HCl

—_—

A\

N
H

NH,

e}

To a solution of the compound from step 2 above (35 mg,
0.148 mmol) in MeCN (5 mL) were added N-phenylacetyl-
L-proline (15 mg, 0.0673 mmol), DIPEA (26 mg, 0.202
mmol) and HATU (56 mg, 0.148 mmol). The reaction was
stirred overnight and concentrated, and the residue was puri-
fied by RPLC to give the desired product (15 mg). MS (ESI)
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m/e (M+H*): 654. "HNMR (MeOD) &: 8.0 (m, 1H), 7.7 (m,
1H), 7.6-7.1 (m, 14H), 6.7 (m, 1H), 4.6 (m, 2H), 3.9-3.5 (m,
9H), 2.4-1.7 (m, 8H).

Example 123
(2S)-1-(phenylacetyl)-N-{4-[6-({[(2S)-1-(pheny-

lacetyl)pyrrolidin-2-yl]carbonyl}amino)-1H-indol-2-
yl]phenyl}pyrrolidine-2-carboxamide

Q &
0 ]
N H 0
N
0
Step 1
0
NH, )}\
Cl
—_—
DCM, TEA
F
H
NY
0
Y

To a stirred solution of 4-ethynylaniline (1 g, 8.5 mmol) in
DCM (60 ml) was added acetyl chloride (0.8 g, 10 mmol) and
TEA (1.7 g, 17 mmol). The mixture was stirred for 3 hours.
The resulting solution was washed with water, 1 N HCl and
brine. The organic layer was concentrated in vacuo to give the
desired product (900 mg), which was used in next step with-
out purification. MS (ESI) m/e (M+H"): 160.

Step 2

H
h |
O /CE
/©/ ON NH,

%Y
(J 1
A

0:N O NH,

To a stirred solution of 4-ethynylacetanilide (800 mg, 3.1
mmol) in anhydrous THF (6 ml) was added compound 2 (0.5

Cul,
Pd(PPh3),Cl,

—_——
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g, 3.1 mmol), PACL,(PPh); (33 mg, 0.05 mmol), Cul (10 mg,
0.05 mmol)and TEA (2 mL). The mixture was protected from
light and stirred at RT overnight. The resulting solution was
concentrated in vacuo, and the residue was washed with DCM
to give the desired compound (300 mg) as a yellow solid. MS
(ESI) m/e (M+H™): 296.

Step 3

H
(6]

InBr;
—_—

To a stirred solution of compound from step 2 above (200
mg, 0.68 mmol) in toluene (2 ml) was added InBr; (2 mg,
0.004 mmol). The mixture was stirred at reflux for 3 hours.
The resulting solution was washed with water and extracted
with EtOAc. The combined organic layers were dried over
sodium sulfate, concentrated in vacuo to give the desired
indole (170 mg) as a brown solid. MS (EST) m/e (M+H™*): 296.

Step 4

m e
O A

N

H

sy

To a stirred solution of the product from step 3 above (100
mg, 0.34 mmol) in EtOH (5 ml) was added 3N HCI (1 mg).
The mixture was stirred at reflux overnight. The resulting
solution was concentrated in vacuo to give the desired aniline
(80 mg) as a brown solid. MS (ESI) m/e (M+H*): 254.

Step 5
\ O A '
N
H

0:N
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-continued

\
S
#

HATU, DIPEA
_ =

mz/

0:N

To a solution of the aniline from step 4 (50 mg, 0.2 mmol)
in acetonitrile (5 ml) was added N-phenylacetyl-L-proline
(56 mg, 0.2 mol), HATU (167 mg, 0.4 mmol) and DIPEA
(100 mg, 0.8 mmol). The mixture was stirred overnight. The
resulting solution was purified by RPLC to give the desired
compound (40 mg) as a brown solid. MS (ESI) m/e (M+H™"):
469.

Step 6

H,
N Pd/C
H O
O \\j
H:N g 0

To a solution of the nitro compound (40 mg, 0.08 mmol) in
THF (2 mL) was added Pd/C (20 mg, 0.1 mmol). The mixture
was stirred under H, atmosphere for 1 hour. After replace-
ment of H, with N, the Pd/C was filtered off, and the filtrate
was evaporated in vacuo to give the desired aminoindole (40
mg) as a brown solid. MS (ESI) m/e (M+H"): 439.
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HATU, DIPEA

O

To a solution of the product from step 6 above (40 mg, 0.1
mmol) in acetonitrile (5 mL) was added N-phenylacetyl-L-
proline (23 mg, 0.1 mmol), HATU (70 mg, 0.2 mmol) and
DIPEA (25 mg, 0.2 mmol). The mixture was stirred over-
night. The resulting solution was purified by RPLC to give the
desired compound (15 mg) as a brown solid. 'H NMR
(MeOD) &: 7.81 (m, 1H), 7.70 (d, J=8.6 Hz, 2H), 7.60 (d,
J=8.4 Hz, 2H), 7.39 (m, 1H), 7.30-7.28 (m, 10H), 6.96 (m,
1H), 6.69 (s, 1H), 4.63-4.50 (m, 2H), 3.78-3.60 (m, 8H),
2.23-1.92 (m, 8H). MS (ESI) m/e (M+H™"): 654.

Example 124

(2S)-1-(phenylacetyl)-N-{3-[6-({[(2S)-1-(pheny-
lacetyl)pyrrolidin-2-yl]carbonyl}amino)-1H-indol-2-
yl]phenyl}pyrrolidine-2-carboxamide

i A\
0
N i
H N
i

e}
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Step 1

O
/©\NH2 )ka
/@Lg&

To a solution of 3-ethynylaniline (1.17 g, 10 mmol) and 1.5
ml Et;N in 40 m[. DCM was added dropwise acetyl chloride
(1 g, 13 mmol). The reaction mixture was stirred at RT for 1
hour. After that, the solvents were evaporated, and the residue
was extracted with EtOAc (100 mL), washed with water (50
mL) and brine (50 mL), dried over anhydrous NaSO,, and
concentrated in vacuo to afford 3-ethynylacetanilide (1.5 g).
MS (ESI) m/e (M+H™"): 160.

Step 2

CH,Cl,
—_—

EtzN

0,N NH,
) C,HsOH
[—C —%%

0N N

3-nitroaniline (6.9 g, 0.05 mmol) was dissolved in 150 ml
ethanol, iodine chloride (8.1 g, 0.05 mmol) added with drop-
wise. The reaction mixture was stirred at RT for 4 hours. After
that, the solvents were evaporated, and the residue was
extracted with EtOAc (100 mL), washed with water (50 mL)
and brine (50 mL), dried over anhydrous NaSO,,. After con-
centrated in vacuo, the residue was purified by column chro-
matography (PE/EtOAc=40:1—+20:1) to afford the desired
product (8.9 g). MS (ESI) m/e (M+H™): 265.

Step 3
/K ’
& N 0
7 H
0,N NH,
PACly(PPhy),
—_—
Cul, BN
I
(@]
H>N

>~ NH

3-Ethynylacetanilide (480 mg, 3 mmol) and 2-iodo-5-in-
troaniline (800 mg, 3 mmol) were dissolved in anhydrous
THF (30 mL), PdCL,(PPh;), (105 mg, 0.15 mmol) and Cul
(28.5 mg, 0.15 mmol) Et;N (1 ml) was added sequentially.
The reaction mixture was protected by N, and stirred at RT for
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overnight. After that, the solvents were evaporated, and the
residue was extracted with EtOAc (50x2 mL), washed with
water (40 mL) and brine (30 mL), dried over anhydrous
NaSO,. After concentrated in vacuo, the residue was purified
by column chromatography (DCM/MeOH=50:1—20:1) to
afford the desired product (620 mg). MS (ESI) m/e (M+H™):
296.

Step 4
O,
PdCLy,
FeCls
S
DCE,
80 C.
HN

A\

‘ N
H

To a solution of the product from step 3 (295 mg, 1.0 mol)
in DCE (15 mL) was added PdCl, (9 mg, 0.05 mmol) and
FeCl, (8 mg, 0.05 mmol). The reaction mixture was heated at
80° C. for 2 hours. The reaction was cooled, and the solvents
were evaporated, and the residue was extracted with EtOAc
(2x), washed with water (30 mL) and brine (30 mL), dried
over anhydrous Na,SO,. After concentrated in vacuo, the
residue was purified by Prep-TLC (DCM/MeOH=50:1) to
afford the desired product (240 mg). MS (ESI) m/e (M+H™):
296. 'H NMR (DMSO) 8: 0.12 (s, 1H), 8.25 (d, J=8.0 Hz,
2H), 7.45-7.94 (m, 6H), 7.03 (s, 1H), 2.10 (s, 3H).

Step 5

l \ ‘HN
2

BocHN, !

Pd/H2
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A suspension of the product from step 4 (200 mg, 0.67
mmol), Pd/C (10 mg, 0.034 mmol) in 40 mL. EtOH was under
H, protection and stirred for 1 hour. The mixture was then
filtered, and the filtrate was then concentrated to give the
product (160 mg). The residue was dissolved in 20 ml 3N
HCI, the mixture was stirred at 80° C. for 1 hour. It was cooled
to RT, concentrated in vacuo and the residue was purified to
give desired compound (120 mg) as a brown solid. MS (m/z)
(M+H*): 224
Step 6

H,N

Cﬁo
o '

The mixture of compound 10 (50 mg, 0.224 mmol), N-phe-
nylacetyl-L-proline (110 mg, 0.45 mmol), DIPEA (88 mg,
0.7 mmol) in CH,CN (5 mL) was stirred at RT for 5 minutes,
then HATU (82 mg, 0.54 mmol) was added to it. The mixture
was stirred at RT overnight. When reaction completed, the
mixture was concentrated in vacuo, the residue was purified
by chromatography on silica gel to give the desired target (70
mg). MS (BST) m/e (M+H*): 654 'H NMR (MeOD): § 7.95
(d, J=8.0 Hz, 2H), 7.86~7.21 (m, 13H), 6.98 (d, J=8.0 Hz,
1H), 6.72 (s, 1H), 4.57 (m, 2H), 3.53 (m, 3H), 2.02~2.31 (m,
8H).

Example 125

tert-butyl [(1R)-2-{(2S)-2-[(2-{2-[(2S)-1{(2R)-2-
[(tert-butoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-y1]-1H-benzimidazol-5-
yl}-1H-indol-5-yl)carbamoyl|pyrrolidin-1-y1}-2-
oxo-1-phenylethyl|carbamate

\\\NHBoc

H,
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HATU
_—

Br. N ~
\i :: N
Y\ ¢
Cbz
(0]
NH,

The mixture of 4-bromo-1,2-phenylenediamine (3.1 g, 16
mmol), L-proline (4.3 g, 16 mmol), DIPEA (3 ml) in MeCN
(100 mL) was stirred at RT for 5 minutes, then HATU (6 g, 17
mmol) was added. The mixture was stirred at RT overnight.
When reaction completed, the mixture was concentrated, the
residue was washed with water (100 mL.) and extracted with
EtOAc (three times), washed with brine (50 mL), dried over
anhydrous Na,SO,. The residue purified by was purified by
column chromatography (DCM/MeOH=100:1—-50:1) to
afford the desired compound (5.0 g). MS (ESI) m/e (M+H™):
(418,420).

Step 2

Br N N HAc
\
Cbz
o
NH,
Br.

M)

N N
H

Cbz

The product from step 1 (5 g, 7.2 mmol) was dissolved in
50 mL acetic acid. The reaction mixture was stirred at 100° C.
for 4 hours. The mixture was cooled, and the acetic acid was
removed in vacuo. The residue was purified by column chro-
matography (DCM/MeOH=150:1—100:1) to afford the
desired compound (3.8 g). MS (ESI) m/e (M+H"): (400,402).

Step 3

Br N &
ﬁ \ :s j
+
N
H
Cb

N
/

BocHN,
\ B(OH), Pd(PPhy)y
N CH3;0H, Na,CO3
\
Boce
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-continued

BocHN,
‘ N
\

Boce

A suspension of the product from step 3 (1.2 g, 3 mmol),
1,5-bis-Boc-5-aminoindole-2-boronic acid (1.2 g, 3 mmol),
Pd(PPh,), (240 mg), Na,CO; (1 g, 9 mmol) and H,O (3 mL)
in 30 mL. of THF under N, protection was reacted with
refluxed at 75° C. overnight. The mixture was filtered, and the
filtrate was washed with 50 mL of water and extracted with
100 m1 EtOAc and dried over anhydrous Na,SO,. Removal of
the solvent and column chromatography (CH,CL,/
MeOH=250:1—+200:1) afforded the desired compound (500
mg). MS (ESI) m/e (M+H+): 652
Step 4

~

N N
N
BocHN Y\ \
OO
N
\
Boc

HCl,
MeOH

[

The product from step 3 (500 mg, 0.9 mmol) was stirred in
MeOH/HC1 (20 mL) for 16 hours. The solvent was removed
under reduced pressure and the residue was dried at high
vacuum. MS (ESD) m/e (M+H™*): 452.

Step 5

~

N ~ N
N j/\ \,, HT
O \ O v Z
N
H
H Na N
N N \
/ \ NI Cbz
Boc o
N
H

The mixture of aniline from step 4 (450 mg, 1 mmol),
(S)—N-Boc proline (215 mg 1 mmol), DIPEA (0.4 mL) in
CH,;CN (10mL) was stirred at RT for 10 minutes, then HATU
(400 mg, 1.1 mmol) was added. The mixture was stirred at RT
overnight, concentrated, and the residue was purified by col-
umn chromatography (CH,Cl, MeOH=250:1200:1). MS
(ESI) m/e (M+H™"): 649.
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Step 6

HAc, 5

% NY.\ N\ Br
N —
/ A\ N 20
Boc 0 80 C.
N
H
10

.

oG

20

25

The product from step 5 (290 mg, 0.45 mmol) was dis-
solved in S mL of acetic acid and HBr (1 mL) was added. The
reaction mixture was heated to 70-80° C. and stirred for 4
hours. The mixture was cooled to RT and concentrated in
vacuo. The residue was extracted with EtOAc (2x), washed
with aqg NaHCO; and water (30 mL) and brine (30 mL), dried
over anhydrous sodium sulfate. Evaporation of the solvent
afforded the desired compound as brown solid (160 mg). MS
(ESI) m/e (M+H™): 415. 35

Step 7

Gw 1

~

j/\ \\NHBoc
BocHN

A mixture of the product from step 6 (100 mg, 0.24 mmol),
(R)—N-Boc-Phg (120 mg, 0.48 mmol), DIPEA (0.4 mL) in 60
CH;CN (10 mL) was stirred at RT for 10 minutes, then HATU
(200 mg, 0.5 mmol) was added. The mixture was stirred at RT
overnight then concentrated, and the residue was purified by
RPLC to afford the desired compound (54 mg). MS (ESI) m/e
(M+H"): 882. '"H NMR (MeOD) &: 7.96~7.69 (m, 4H), 65
7.49~6.84 (m, 13H), 5.50~5.40 (m, 2H), 4.06~3.94 (m, 2H),
2.27~1.88 (m, 8H), 1.37 (s, 18H).

226
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Example 126

(2S)—N-{4-[3-bromo-5-({[(2S)-1-(phenylacetyl)

pyrrolidin-2-yl]carbonyl}amino)-1H-indol-2-y1]phe-
nyl}-1-(phenylacetyl)pyrrolidine-2-carboxamide

. ;
Ph \/& \ NH N
0
9 N
H 0 Ph
Br
; AN
N
Ao H
Ph

0] &
: :\\\j
N >_
NH N
O
O

To a solution of the indole (1 equiv) in 5 mL of THF was
added NBS (278 mg, 1 mmol) at RT, and the mixture was
stirred for 1 hour. Concentration of the solvent and purifica- 25
tion of the residue by RPLC afforded the targeted halogenated
compounds. "H NMR (MeOD) §: 7.9-7.5 (m, 5H), 7.4-7.0
(m, 12H), 5.2-4.9 (m, 2H), 4.4 (m, 2H), 3.8-3.5 (m, 6H),
2.5-1.8 (m, 8H).

30
Example 127

tert-butyl {(18)-2-[(2S)-2-({2-[4-(acetylamino)phe-
nyl]-3-fluoro-1H-indol-5-yl}carbamoyl)pyrrolidin-1-
yl]-2-0x0-1-phenylethyl } carbamate

H K s
N N <
NZ \
0
N
o H 0

To a solution of the indole (1 equiv.) in acetonitrile/DMSO
(5 ml, 1:1) was added SerectFruoro (1 equiv.) at 0° C. The 6o
mixture was stirred at RT for 33 hours before it was concen-
trated, and the residue purified with RPLC. 'H NMR (MeOD)
8:7.9-7.¢8 (m, 3H), 7.8-7.7 (m, 2H), 7.5-7.3 (m, 6H), 7.3 (m,
1H), 5.5 (s, 1H), 4.6-4.5 (m, 2H), 4.0-3.9 (m, 1H), 3.8 (m,
1H), 3.7 (m, 1H), 2.4-2.3 (m, 1H), 2.2-2.1 (m, 7H), 2.1-2.0 65
(m, 3H), 2.0-1.9 (m, 1H), 1.4 (m, 9H). MS (w/z): 711
M+H)*".

NBS
_—

Ph

SELECTFLUORO

_—

228
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Examples 128-154

Compounds of Examples 128-154 can be prepared by
direct halogenation of the indole or benzofuran compounds in
a similar manner as described in either Example 126 or
Example 127.

230

Example Structure

MW

Name

128
Cl

129

130

131

132

2 )

CH; CH;

O,

>—CH3

688.233

671.778

902.044

630.15

779.684

(28)-N-{4-[3-chloro-5-
({[(2S)-1-(phenylacetyl)
pyrrolidin-2-
yl]carbony! }amino)-1H-
indol-2-yl]phenyl}-1-
(phenylacetyl)
pyrrolidine-2-
carboxamide

(28)-N-{4-[3-fluoro-5-
({[(2S)-1-(phenylacetyl)
pyrrolidin-2-
yl]carbony! }amino)-1H-
indol-2-yl]phenyl}-1-
(phenylacetyl)
pyrrolidine-2-
carboxamide

tert-butyl {(1S)-2-[(2S)-
2-(f4[5-({[(25 -1
{(28)-2-[(tert-
butoxycarbonyl)amino]-
2-
phenylacetyl }pyrrolidin-
2-ylJcarbonyl}amino)-3-
fluoro-1H-indol-2-
yl]phenyl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

tert-butyl {(1S)-2-[(2S)-
2-({2-[4-
(acetylamino)phenyl]-3-
chloro-1H-indol-5-
yl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

(28)-N-{4-[3-iodo-5-
({[(2S)-1-(phenylacetyl)
pyrrolidin-2-
yl]carbony! }amino)-1H-
indol-2-yl]phenyl}-1-
(phenylacetyl)
pyrrolidine-2-
carboxamide
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Example Structure MW Name

133 710.813 tert-butyl {(18)-2-[(2S)

F Q & 2-({2-[4-({[(28)-1-

% S acetylpyrrolidin-2-

N yl]carbonyl famino)
\ NH N phenyl]-3-fluoro-1H-
0 indol-5-yl }carbamoyl)
0 N pyrrolidin-1-yl]-2-oxo-
- H o) -
CHs phenylethyl }carbamate
898.1 (29)-1-{(2S)-2-[(3,3-
Q & dimethylbutanoyl)
O amino]-2-phenylacetyl}-
N-{4-[5-({[(28)-1-
{(28)-2-[(3.3-
dimethylbutanoyl)
amino]-2-
phenylacetyl }pyrrolidin-

Ch; o
N
CHj3
CH; ¢
134
I F
N N
\ NH N
0 N
H
2-ylJcarbonyl}amino)-3-
fluoro-1H-indol-2-
yl]phenyl }pyrrolidine-2-
CH3 carboxamide
902.044  tert-butyl {(1R)-2-[(28)-
2-({4-[5-({[(28)-1-
\ {(2R)-2-[(tert-
butoxycarbonyl)amino]
2.
phenylacetyl }pyrrolidin-
2-ylJcarbonyl}amino)-3-
fluoro-1H-indol-2-
yl]phenyl}carbamoyl)

H
N
\ NH
O © H
0 ..\\N
O
T Neew
CH;
CH; pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate
-[(28)-

CH;
NH

CH;
cu
0
0

tert-butyl {(1R)-2-[(2S)
2-({2-[4-
]_

(acetylamino)phenyl]-3-
fluoro-1H-indol-5-
yl}carbamoyl)

CH;z
136
F O,
N
CH,
H N N\ ’
NH Je
o) pyrrolidin-1-yl]-2-oxo-
N 1-
H phenylethyl }carbamate
tert-butyl {(1R)-2-[(2S)-
2-({2-[4-({[(25)-1-

CH;
O,
CHh/ 7/N
0 O
710.813
Q N
& acetylpyrrolidin-2-
yl]carbonyl famino)
phenyl]-3-fluoro-1H-
indol-5-yl }carbamoyl)

137
F
N
0 N N\
NH N .
0 50
g o pyrrolidin-1-yl]-2-oxo-
CH; 1-
phenylethyl }carbamate
639.733 tert-butyl {(1R)-2-[(2S)-
2-({3-fluoro-2-[4-(2-
oxopyrrolidin-1-

CH;
O,
CHj V/N
(¢}
O,
yl)phenyl]-1H-indol-5-
yl}carbamoyl)
yrrolidin-1-yl]-2-oxo-

CH,
O
138
F
H
N
H N N\
N . :
© N 1-
H phenylethyl }carbamate

135
H
613.695
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-continued

Example Structure MW

Name

139 567.669

s

NH

O
N
0 N %cm

O

140 551.623

O,
>\~CH3

- F
CH; N N
CH; N\ NH
O
0 ) X

0, H
T
CH;

CHy
F
CH; g
\ N N\
cmy ™ 1 NH
o N y—CH;
0

O,

" F
CH3 N.
0 - N N >—CH3
CcH; 7/N NI
CH; 0
o 0 B

CH;

141 541.631

142 593.705

CH;

q F o) B
N \ >—\
0
N
0 i
H 0 N,
o
ch
0

CH;

143 815.953

CH;
CH

144 754.866

ZIT

CH;

L0

CH;

CH;

N-{2-[4-
(acetylamino)phenyl]-3-
fluoro-1H-indol-5-y1}-1-

[(2R)-2-phenyl-2-
(pyrrolidin-1-yl)acetyl]-
L-prolinamide

N-(tert-butoxycarbonyl)-
D-alanyl-N-{2-[4-
(acetylamino)phenyl]-3-
fluoro-1H-indol-5-y1}-
L-prolinamide

N-{2-[4-
(acetylamino)phenyl]-3-
fluoro-1H-indol-5-y1}-1-

[(2R)-2-

(dimethylamino)-2-
phenylacetyl]-L-
prolinamide

N-(tert-butoxycarbonyl)-
D-leucyl-N-{2-[4-
(acetylamino)phenyl]-3-
fluoro-1H-indol-5-y1}-
L-prolinamide

propan-2-yl[(1R)-2-
{28)-2-[@-{5-[{28)-
1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]pyrrolidin-
2-yl}carbonyl)amino]-3-
fluoro-1H-indol-2-
yl}phenyl)carbamoyl]
pyrrolidin-1-yl}-2-oxo-
1-

phenylethyl]carbamate)

tert-butyl (28)-2-[(3-
fluoro-2-{4-[({(2S)-1-
[(2R)-2-phenyl-2-
{[(propan-2-
yloxy)carbonyl]amino}
acetyl]pyrrolidin-2-
yl}earbonyl)amino]
phenyl}-1H-indol-5-
yl)carbamoyl]
pyrrolidine-1-
carboxylate
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-continued

Example Structure

Name

145

CH3 (j\'( .~“
7/ 2
CH; u

N

146

147

§ Br O S\
.0, H N E \
o > (
o}
0 0 o o H

148

cH ! o
> Nemy )/ Ner
CH; o }

149
- Br Q
CH; N o
N \ 3
CH3/ N, g NH
0 O

935.88

819.806

879.772

749.847

603.521

propan-2-yl [(1R)-2-
{(28)-2-[(4-{3-bromo-5-
[({2S-1-[(2R)-2-
phenyl-2-{[(propan-2-
yloxy)carbonyl]amino}
acetyl]pyrrolidin-2-
yl}carbonyl)amino]-1-
benzofuran-2-
yl}phenyl)carbamoyl]
pyrrolidin-1-yl}-2-oxo-
1-phenylethyl]carbamate

(28)-N-(4-{3-bromo-5-
[({28)-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]pyrrolidin-
2-yl}carbonyl)amino]-1-
benzofuran-2-
yl}phenyl)-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]
pyrrolidine-2-
carboxamide

methy! {(1R)-2-[(2S)-2-
({4-[3-bromo-5-({[(2S)-
1-{(2R)-2-
[(methoxycarbonyl)
amino]-2-
phenylacetyl }pyrrolidin-
2-ylJcarbonyl}amino)-1-
benzofuran-2-
yl]phenyl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1-

phenylethyl }carbamate

methyl {(2S)-1-[(2S)-2-
({4-[3-fluoro-5-({[(2S)-
1-{(28)-2-
[(methoxycarbonyl)
amino]-3-
methylbutanoyl}
pyrrolidin-2-
yl]carbony! }amino)-1H-
indol-2-
yl]phenyl}carbamoyl)
pyrrolidin-1-yl1]-3-
methyl-1-oxobutan-2-
yl}carbamate

N-{2-[4-
(acetylamino)phenyl]-3-
bromo-1-benzofuran-5-

yI-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]-L-
prolinamide
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-continued

Example Structure MW Name

150 875.915  (28)-N-(4-{3-bromo-5-

CH;

H Br O & [({2S)-1-[(2R)-2-
7 N N > S (diethylamino)-2-
CHj phenylacetyl]pyrrolidin-
NN \ NH N CH; 2-yl}carbonyl)amino]-1-
O o // benzofuran-2-
(e} I} yl}phenyl)-1-[(2R)-2-

,‘..\\N\/CH (diethylamine)-2-
3 phenylacetyl]

pyrrolidine-2-
carboxamide

151 700.639  (2S)-1-acetyl-N-(4-{3-
Br Q & bromo-3-[({(2S)-1-
CH; k [2R)-2-
\ N \ (dimethylamino)-2-
CH/N NH N phenylacetyl]pyrrlohdm—
3 2-yl}carbonyl)amino]-1-
(6] % benzofuran-2-
O yl}phenyl)pyrrolidine-2-

carboxamide

152 963.935  tert-butyl {(1S)-2-[(28)-
I Br 0, & 2-({4-[3-bromo-5-
N N >_\ j é{[(ZS)—l—t{)(2Si;2—[(ten—
utoxycarbonyl)amino]-
\ O e ; i 2_y
CH;

o o] o H phenylacetyl }pyrrolidin-

CHQ/O NH N, 2-ylJcarbonyl}amino)-1-
)/ %O benzofuran-2-
CH; 0 yl]phenyl}carbamoyl)
@) pyrrolidin-1-yl]-2-oxo-
1

phenylethyl }carbamate)

153 733.669  (2S)-N-{4-[3-bromo-5-
Br Q & ({[(28)-1-(phenylacetyl)
% & pyrrolidin-2-
N \ yl]carbonyl famino)-1-
NH N benzofuran-2-

yl]phenyl}-1-
0 (6] (phenylacetyl)

Y pyrrolidine-2-
carboxamide

154 963.935 tert-butyl {(1R)-2-[(25)-
! Br Q S 2-({4-[3-bromo-5-
S o g N N e j (IS} 1-{2R)-2-[(tert
CHj )/N O N O NH N butoxycarbonyl)amino]-
(@]

CH Y .
3 o) o] 0 § phenylacetyl }pyrrolidin-
w 0 2-ylJcarbonyl}amino)-1-
CH; benzofuran-2-

yl]phenyl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1

phenylethyl }carbamate
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Example 155

(2S)—N-{4-[3-cyano-5-({[(2S)-1-(phenylacetyl)

pyrrolidin-2-yl]carbonyl}amino)-1H-indol-2-y1]phe-
nyl}-1-(phenylacetyl)pyrrolidine-2-carboxamide

@W

240

&
S

CuCN/DMF
—_ =

Ph

\j \\
Ph m

A mixture of the bromo compound from Example 126 (150
mg, 0.2 mmol), CuCN (50 mg, 0.6 mmol) and DMF (3 mL)
was refluxed under N, protection overnight. The mixture was
purified by RPLC to afford the product. MS (ESI) m/e
(M+H™): 679. "H NMR (CDCl,) 8: 7.73-7.70 (m, 4H), 7.38-
7.29 (m, 4H), 7.21-7.04 (m, 6H), 4.63-4.60 (m, 1H), 4.49-
4.47 (m, 1H), 3.81-3.59 (m, 4H), 2.48-1.97 (m, 8H).

Example 156

(2S)—N-{4-[3-(2,2-dimethylpropanoyl)-5-({[(2S)-1-
(phenylacetyl)pyrrolidin-2-yl]carbonyl}amino)-1H-
indol-2-yl]phenyl}-1-(phenylacetyl)pyrrolidine-2-
carboxamide

Ph

25

30

35

% O ZnClyMeMgBr
Ph —_—

‘?.Hﬁ

Ph

To a stirred solution of the indole (50 mg, 0.076 mmol) in
CH,Cl, (5§ mL) was added anhydrous ZnCl, (54 mg, 0.4
mmol) then MeMgBr (3.0 M in Et,0,0.4 mL, 0.4 mmol). The
resulting suspension was stirred for 10 minutes at RT and then
cooled to 0° C. at an ice bath. A solution of pivaloyl chloride
(14 mg) in CH,Cl, (0.2 mL) was added to the mixture. The
reaction mixture was allowed to warm to RT and stirred
overnight. The reaction mixture was quenched by saturated
aqueous NH,Cl and exacted with CH,Cl, 3 times. The
organic layers were combined, dried over anhydrous Na,SO,
and filtered. The filtrate was concentrated and purified by

Ph

60

65
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RPLC to yield the product. MS (ESI) m/e (M+H™): 738. 'H
NMR (MeOD) &: 7.69-7.63 (m, 3H), 7.44-7.41 (m, 2H),
7.31-7.21 (m, 12H), 4.55-4.52 (m, 2H), 3.76-3.59 (m, 8H),
2.26-1.94 (m, 8H).

Example 157
5-({[(2S)-1-(phenylacetyl)pyrrolidin-2-yl]
carbonyl }amino)-2-[4-({[(2S)-1-(phenylacetyl)pyr-

rolidin-2-yl]carbonyl}amino)phenyl]-1H-indole-3-
carboxamide

\
S
S
s‘

EtMgBr

ron-otPsx

e}

N
o H

To a solution of the indole (653 mg, 1 mmol) in THF 10
(mL) was added EtMgBr (2 mL, 6 mmol), and the mixture 30
was stirred at RT for 30 minutes. Thereto was added chloro-
sulfonyl isocyanate (140 mg, 1 mmol), and the mixture was
stirred at RT for 20 minutes. Then, DMF (146 mg, 2 mmol)
was added to the above mixture, and the stirring continued for
20 minutes. After adding aqueous NaOH (2N, 1 mL), the 35
resulting solution was heated at reflux for 5 minutes. Concen-
tration in vacuo, the residue was purified with RPLC to give
(67mg). "HNMR (MeOD) 8: 8.0 (s, 1H), 7.6 (m, 4H), 7.1-7.4
(m, 12H), 4.5 (m, 4H), 3.5-3.7 (m, 8H), 2.5-2.0 (m, 6H).

40

Example 158

tert-butyl {(1R)-2-{(28)-2-*({4-[5-({[29)-1-{(2R)- 45
2-[(tert-butoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-yl|carbonyl }amino)-3-
(cyclopropylcarbamoyl)-1H-indol-2-yl]
phenyl}carbamoyl)pyrrolidin-1-yl]-2-oxo-1-
phenylethyl}carbamate

i NHBoc

242
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Step 1
O,N
POBr;
0 ———»
DMF
N
H
(0]
H
O,N
\ Br
N
H

To a solution of POBr; (113.2 g, 0.4 mol) in DCE (1 L) was
added DMF (14.6 g, 0.2 mol) dropwise under ice bath, and the
mixture was stirred at RT for 30 minutes. Thereto was added
nitro compound (17.8 g, 0.1 mol), and the mixture was stirred
at reflux for 4 hours. The precipitate was collected by filtra-
tion and then washed with water and MeOH. The solid was
dried in vacuo to give the desired compound (13.5 g). 'H
NMR (DMSO) d: 13.6 (s, 1H), 9.8 (s, 1H), 8.8 (s, 1H), 8.1 (d,

J1=9.2 Hz, 1H), 7.6 (d, J=9.2 Hz, 1H).
Step 2
@)
H
O,N (Boc),0
Br
N
H
(0]
H
O>N
\ Br
N
Boce

To a solution of the aldehyde from step 1 (13.5 g, 0.05 mol)
in DCM (100 mL) was added DMAP (0.6 g, 0.005 mol), TEA
(10.1 g, 0.1 mol) and (Boc),O (21.8 g, 0.1 mol), and the
mixture was stirred at RT overnight. The mixture was con-
centrated, and the residue was purified by column chroma-
tography to give the desired compound (14.7 g). "H NMR
(CDCl,) &: 9.8 (s, 1H), 8.8 (s, 1H), 8.1 (d, J=9.2 Hz, 1H), 7.6
(d, J=9.2 Hz, 1H), 1.4 (s, 9H).

Step 3

0N

\ Br
N

Boc
HO
\ Pd(dppf)CL
—_—
/B NHBoc Ny C0;
HO

15

20

25

30

35

40

45

50

55
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-continued
@]

O,N
NHBoc

A\

Boc

The Suzuki coupling procedure was the same as described
in Example 117, step 3. MS (m/z): 482 (M+H)™.

Step 4

O
H
O,N
\ O NHBoc
N
Boc
O
OH
O,N
\ O NHBoc
N
Boc

To a solution of compound from step 3 (2.4 g, 5 mmol) in
pH 3.5 phosphate buffer (24 mL) and t-BuOH (30 mL) was
added 2-methyl-2-butene (10 mL.) and sodium chlorate (0.89
g, 10 mmol). The reaction was stirred at RT for 16 hours and
then extracted with DCM (3x). The combined organic
extracts were washed with brine, dried over anhydrous
MgSO,, and concentrated in vacuo to give the desired car-
boxylic acid (2.3 g). MS (m/z): 498 (M+H)*.

Step 5

NaClO,,
NaHzPO4

_—
methyl-
2-butene

NH,

B ——

O
H
O,N D
\ O NHBoc
N

HATU,
Boc

DIPEA
O
NH
O,N
\ O NHBoc
N

Boc

The mixture of compound from step 4 (1 mmol), cyclopro-
py!l amine (1 mmol), HATU (1 mmol) and DIPEA (5 mmol)
in DCM was stirred at RT overnight. Concentration and puri-
fication of the residue by RPLC gave the desired compound
(0.8 mmol). MS (m/z): 538 (M+H)".
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Step 6
O, :
NH
Pd/C
—_—
O,N o

NHBoc

N

NH

LN

A\

O NHBoc
N

Boc

To a solution of the amide from step 5 (0.8 mmol) in MeOH
(10 mL)) was added Pd/C (100 mg) and the mixture was stirred
under H, at RT for 1 hour. The Pd/C was removed by filtra-
tion, and the filtrate was concentrated to give the desired
compound (0.7 mmol). MS (m/z): 507 (M+H)*.

246
Step 7
5
(@] :
NH
TFA
—_—
H,N
10 \ O NHBoc
N
Boce
15 O, -
H,N
\ O A
20 N

To a solution of compound from step 6 (0.7 mmol) in DCM
(5 mL) was added TFA (2 mL)), and the mixture was stirred at
RT overnight. The solution was concentrated, and the residue
was used in next step without purification. MS (m/z): 307
(M+H)*".
Step 8

N4

A\

LN
‘ N
i1

BocHN,

0 >
NH
0 ¢
) \ j
(@]
N
(@]

NH

O e

HATU

—_—

Acid, DIPEA

H .. NHBoc

The coupling procedure was the same as used in Example

72, step 7. "HNMR (MeOD) 8: 6.9-7.9 (m, 17H), 5.2-5.5 (m,

65 2H), 4.4-4.5 (m, 2H), 3.5-3.9 (m, 3H), 2.7-2.8 (m, 1H), 1.7-

2.2 (m, 8H), 1.4 (s, 18H), 1.2 (m, 1H), 0.4-0.8 (m, 4H). MS
(m/z): 967 (M+H)".
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Example 159

tert-butyl {(1R)-2-[(2S)-2-({4-[5-({[(2S)-1-{(2R)-2-
[(tert-butoxy-carbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-yl]carbonyl }amino)-3-(4- 5
methoxyphenyl)-1H-indol-2-yl|phenyl } carbamoyl)
pyrrolidin-1-y1]-2-0xo-1-phenylethyl}carbamate

Step 1

NBS
—

NBS (103 mg, 0.5769 mmol) was added in portions to the
solution of the indole (510 mg, 0.5769 mmol) in 20 mL, of
THF, the mixture was stirred at RT for 1 hour, then concen- 65
trated. The residue was purified by Prep-HPLC to afford the
desired compound (500 mg). MS (ESI) m/e (M+H™): 962.

248
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Step 2

S BocHN
s“\\

“roagy

O¥ @ Pd(dppf)Cl,
_— -
Na,COs/dioxane/H,0

Br o N p 03 2

H H

N W
\\\\]l”” \\\\\III||!IIIiII::::::j—:s%;>-----1<!IIIIIII!’»--_ ™
(0]

N
H

e}

BocHN

ey

.

H

The mixture of the product from step 1 above (100 mg, 35 3H), 5.45 (s, 2H), 4.53~4.50 (m, 2H), 3.92~3.81 (m, SH),

0.104 mmol), 4-methoxy-phenylboronic acid (24 mg, 0.1558 2.08~1.84 (m, 8H), 1.42~1.32 (m, 18H). MS (ESI) m/e
mmol), Pd(dppH)Cl, (7.6 mg, 0.0104 mmol), Na,CO; (3.3 (M+H"%): 991.
mg, 0.0312 mmol)in 10 mL. of dioxane and 2 m[. of water was

heated to reflux under N, atmosphere overnight. The mixture Examples 160-177
was cooled and concentrated, then the residue was purified by 40
RPLC to give the desired product (30 mg). ‘H NMR (MeOD) Compounds of Examples 160-177 were prepared in a simi-

d: 7.71~7.54 (m, 3H), 7.42~7.26 (m, 16H), 6.96~6.92 (m, lar manner as described in Examples 155-159.

Example Structure MW Name

160 729.887 (2S)-1-(phenylacetyl)-
N-{4-[3-phenyl-5-
({[@2s)-1-
(phenylacetyl)
O,
N
H

& pyrrolidin-2-
M yl]carbonyl }amino)-
N 1H-indol-2-
NH N yl]phenyl}pyrrolidine-
O
(@]
681.842 (25)-N-{4-[3-ethyl-5-

2-carboxamide
CH,
} Q & q1es-1-
N > & j (phenylacetyl)
N pyrrolidin-2-
\ NH N yl]carbonyl}amino)-
0 1H-indol-2-yl]phenyl}-

0 g o 1-(phenylacetyl)

pyrrolidine-2-
carboxamide

s

O

161

s
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-continued

Example Structure MW Name

162 695.826 (2S)-N-{4-[3-acetyl-5-

CH;
0 o {[es)1-
)it & (phenylacetyl)
N N pyrrolidin-2-
N 3 \ .
\ yl]carbony! }amino)-
NH N 1H-indol-2-yl]phenyl }-
O 1-(phenylacetyl)
'} N
H

o) pyrrolidine-2-
carboxamide

163 757.897 (28)-1-(phenylacetyl)-
N-{4-[5-({[(25)-1-
(phenylacetyl)
pyrrolidin-2-
0] o yl]carbonyl }amino)-3-
H S (phenylcarbonyl)-1H-
N N % j indol-2-

\ yl]phenyl}pyrrolidine-

& NH N 2-carboxamide

0 i

164 N, 730.874 (28)-1-(phenylacetyl)-
/ N N-{2-[4-({[(28)-1-
(phenylacetyl)
pyrrolidin-2-

e .
0, & yl]carbonyl}amino)
% ~° phenyl]-3-(pyridin-4-
N yl)-1H-indol-5-
\ NO N yl}pyrrolidine-2-

I8! carboxamide
0 i

165 761.886  benzyl (28)-2-[(4-{5-

[({@28)-1-
[(benzyloxy)carbonyl]

o pyrrolidin-2-
H & yl}ecarbonyl)amino]-3-
N N N phenyl-1H-indol-2-
\ yl}phenyl)carbamoyl]
NH N pyrrolidine-1-
e} (6] N 2\ carboxylate
O
H O

166 N 678.798 (25)-N-{4-[3-cyano-5-
= Q s {ICS)-1-
N > S (phenylacetyl)
N pyrrolidin-2-
\ NH N yl]carbony! }amino)-

I} 1H-indol-2-yl]phenyl}-
0 N 1-(phenylacetyl)
pyrrolidine-2-
carboxamide

s



US 9,090,661 B2

253 254

-continued

Example Structure MW

Name

167

% .
O\( \ %j

168 oo

169 O cr, 974.18
0
0 &
CH, i3 $
o) H N %j
oy Q\” (O~
CH; 0 N
0
CH;
0
i, CHs
170 974.18
CH3 o
0 &
CH, i3 $
o) H N %j
FN Y OO
CH; 0 N
0
TN
0
i, CHs
171 N 961.14
/ AN
H = 0, &
Cls N S
o) H N %j
CHQ/ )/N Q N\ Q VAR
CH; o N
0
T
© cH; CHs

693.853

(28)-N-{4-[3-
cyclopropyl-5-({[(2S)-
1-(phenylacetyl)
pyrrolidin-2-
yl]carbony! }amino)-
1H-indol-2-yl]phenyl}-
1-(phenylacetyl)
pyrrolidine-2-
carboxamide

791.912  benzyl (2S)-2-[(4-{5-

[({28)-1-
[(benzyloxy)carbonyl]
pyrrolidin-2-
yl}ecarbonyl)amino]-3-
(3-methoxyphenyl)-
1H-indol-2-
yl}phenyl)carbamoyl]
pyrrolidine-1-
carboxylate

tert-butyl {(1R)-2-
[(28)-2-({4-[5-({[(28)-
1-{(2R)-2-[(tert-
butoxycarbonyl)
amino]-2-
phenylacetyl}
pyrrolidin-2-
yl]carbonyl }amino)-3-
(3-methylphenyl)-1H-
indol-2-
yl]phenyl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

tert-butyl {(1R)-2-
[(28)-2-({4-[5-({[(28)-
1-{(2R)-2-[(tert-
butoxycarbonyl)
amino]-2-
phenylacetyl}
pyrrolidin-2-
yl]carbonyl }amino)-3-
(2-methylphenyl)-1H-
indol-2-
yl]phenyl}carbamoyl)
pyrrolidin-l-yl]-2-oxo-
1-
phenylethyl }carbamate

tert-butyl {(1R)-2-
[(28)-2-({2-[4-({[(28)-
1-{(2R)-2-[(tert-
butoxycarbonyl)
amino]-2-
phenylacetyl}
pyrrolidin-2-
yl]carbonyl}amino)
phenyl]-3-(pyridin-4-
yl)-1H-indol-5-
yl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1

phenylethyl }carbamate
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Example

Structure

MW

Name

172

CH;

173
CH;
\

CH3/N

174

CH3

175

CH;3

CHa/ 07]/

CH
0

176

CH;

CH;3
CH;

N
i o
H
N
i o .
S e
o N
N
/ o
H
C}p%/ov]/§ <\Ij\H/N O N Né;CHs
cs 5 o N

ZT

ZT

CH;

o) /
- N—cHh, 0 s
N " \ > \ j
0
N
0 o a
CH,
o b
H A S
N " N\ 3 \ \/‘
0
N
0 o H

909.064

764.936

620.714

955.133

942.091

tert-butyl {(1R)-2-
[28)-2-({4-[5-({[25)-
1-{(2R)-2-[(tert-
butoxycarbonyl)
amino]-2-
phenylacetyl}
pyrrolidin-2-
yl]carbonyl }amino)-3-
cyano-1H-indol-2-
yl]phenyl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

(28)-N-(4-{3-cyano-5-
[({(28)-1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]
pyrrolidin-2-
yl}carbonyl)amino]-
1H-indol-2-yl}phenyl)-
1-[(2R)-2-
(dimethylamino)-2-
phenylacetyl]
pyrrolidine-2-
carboxamide

tert-butyl {(1R)-2-

[(25)-2-({2-[4-

(acetylamino)phenyl]-

3-cyano-1H-indol-5-

yl}carbamoyl)

pyrrolidin-1-yl]-2-oxo-

1-
phenylethyl }carbamate

tert-butyl {(1R)-2-
[28)-2-({4-[5-({[25)-
1-{(2R)-2-[(tert-
butoxycarbonyl)
amino]-2-
phenylacetyl}
pyrrolidin-2-
yl]carbonyl }amino)-3-
(dimethylcarbamoyl)-
1H-indol-2-
yl]phenyl}carbamoyl)
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

methyl 5-({[(2S)-1-
{(2R)-2-[(tert-
butoxycarbonyl)
amino]-2-
phenylacetyl}
pyrrolidin-2-
yl]carbonyl }amino)-2-
[4-({[25)-1-{(2R)-2-
[(tert-butoxycarbonyl)
amino]-2-
phenylacetyl}
pyrrolidin-2-
yl]carbonyl}amino)
phenyl]-1H-indole-3-
carboxylate



US 9,090,661 B2
257 258

-continued

Example Structure MW Name

177 928.064  5-({[(2S)-1-{(2R)-2-

0]
OH O, o [(tert-butoxycarbonyl)
CH3 § S amino]-2-
0 8 N N phenylacetyl}
CHb/ \Tf N NH N pyrrolidin-2-
© 1Jcarbonyl ino)-2-
CH; l¢] [¢] g H yl]carbonyl}amino)

OTNmN [4-({[(28)-1-{(2R)-2-
O, [(tert-butoxycarbonyl)
CH; amino]-2-
CH phenylacetyl}
CH; } pyrrolidin-2-

yl]carbonyl}amino)
phenyl]-1H-indole-3-
carboxylic acid

Example 178 and the residue was purified by chromatography on silica gel
to give the desired compound as a white solid. MS (ESI) m/e
20 (M+H™): 251.
tert-butyl {(1R)-2-[(2S)-2-({2-[3-(acetylamino)prop- Step 2
1-yn-1-yl]-1H-indol-5-y1 }carbamoyl)pyrrolidin-1-
yl]-2-0x0-1-phenylethyl }carbamate

O,N
25 \ £
Pd(PPhs)s
N —_—
N HN OEt
BocHN, \ _— 0 19 O
(6]
6 g O,N HN
\ 3
N
35
(6]
Step 1 Eo
The mixture of the triflate (382 mg, 1.0 mmol), N-(prop-
O:N, 40 2-ynyl)acetamide (97 mg, 1.0 mmol), Et;N (3 mL)in CH,CN
o &thyl carbonochloridate (3 mL) was stirred at RT for 3 hours. The mixture was con-
centrated, and the residue was purified by chromatography on
g silica gel to give compound target compound (254 mg). MS
0 (ESI) m/e (M+H™): 330.
0,N OFt 45 Step 3
S (NHy),CO3
—_——
N
0,N
O)\OEt 50 O Fe/NH,Cl
05N
© (6]
N EtO
)\ 55
N HN~<
OEt
J A\

Ethyl carbonochloridate (3 ml) was added to the nitro 60
lactam (2.0 g, 11.2 mmol), and the mixture was stirred for 3 0
hours before being concentrated to give the crude product. BO
MS (ESI) m/e (M+H4+): 325. The crude product was dissolved
in DMF (25 mL), then (NH,),COj (1.5 g) was added, and the A solution of the nitro compound from step 2 above (165
mixture was stirred overnight. The mixture was evaporated 65 mg, 0.50 mmol)inabsolute EtOH (3 mL) was added Fe power
and the residue was poured into ice-water and extracted with (280 mg, 2.5 mmol) and NH,CI (535 mg, 5.0 mmol). The
DCM, and the organics were dried. The solvent was removed, mixture was stirred at 70° C. for 2 hours, cooled and poured
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into ice/water (50 ml). The mixture was extracted with EtOAc in MeCN (2 mL) was stirred at RT for 5 minutes, then HATU
(200 ml), and the organic phase was combined and washed (190 mg, 0.5 mmol) was added into the mixture. The mixture

with brine, dried and concentrated to yield the crude product was stirred at RT overnight then concentrated. The residue
(150 mg). MS (ESI) m/z: (M+H) 300. was purified by RPLC to give the desired compound (110
Step 4 5 mg). '"H NMR (MeOD) &: 1.37 (s, 9H), 1.96~2.14 (m, 7H),

3.92~3.94 (m, 2H), 4.51~4.54 (m, 1H), 5.41 (s, 1H), 6.56 (s,
1H), 7.20~7.43 (m, 7H), 7.72 (s, 1H). MS (ESI) m/z: (M+H+)
LN 576.

10
O K,CO;
——

Example 179

N-{4-[5-(furan-3-y1)-1H-indol-2-y1|phenyl}-1-(phe-
nylacetyl)-L-prolinamide

To a solution of the aniline from step 3 (150 mg, 0.50 mmo)
in absolute EtOH (3 mL) was added K,CO; (138 mg, 1.0
mmol), and the mixture was stirred at RT for 12 hours. The Step 1
reaction mixture was poured into water (10 mL), extracted
with EtOAc (20 mL), and the organic phases were combined
and washed with brine, dried over MgSO,, and concentrated 30 0 5_>

to yield the crude product (113 mg). MS (ESI) m/z: (M+H+) Y\N

228. Br HO

Step 5 \ O NIL 0
N HATU, DMF
H

35
9 S
N \ HN HATU/Et;N Br > S j
— - - .
= O R—Boc-Phg-L-Pro O AN O i N
N
H
N I_IN
BocHN, \ — O
© N 45
0 H The mixture of the indole from Example 41 (1.6 mg, 5.575
mmol), 1-phenylacetyl pyrrolidine-2-carboxylic acid (1.3 g,
was stirred at RT for 30 minutes, then HATU (2.54 g, 6.689
50 mmol) was added. The mixture was stirred at RT overnight,
matography on silica gel to give the desired product (2.3 g).
The mixture of the indole (113 mg, 0.5 mmol), R-Boc-Phg- MS (ESI) m/e (M+H™"): 504.

H O
5.575 mmol), DIPEA (1.45 g, 11.15 mmol) in DMF (50 mL)
concentrated in vacuo, and the residue was purified by chro-
L-Pro-OH (175 mg, 0.5 mmol), DIPEA (115 mg, 1.0 mmol) Step 2

OH

|
B

\\ <OJ/ s
@ Pd(PPh3)>Cly, NayCO3/CH;CON/H,O

SN

jus)
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A suspension of the product from step 1 above (18 mg, 7.37~7.22 (m, 6H), 6.78~6.75 (m, 2H), 4.57~4.55 (m, 1H),
0.03583 mmol), furan-2-boronic acid (6 mg, 0.05374 mmol), 3.78~3.61 (m, 4H), 2.24~1.99 (m, 4H).
Pd(PPh,),Cl, (1.4 mg), Na,CO; (7.6 mg, 0.07166 mmol) and
H,0 (0.15 mL) in 0.5 mL of acetonitrile under N, protection 15
was heated at 150° C. for 10 minutes in a microwave reactor.

The mixture was cooled, filtered and washed with 10 mL of Examples 180-189b
DCM. The solvents were removed, and the residue was puri-
fied by HPLC to give the desired product. 'H NMR (MeOD) Compounds of Examples 180-189b were prepared in a

d: 7.79~7.74 (m, 3H), 7.67~7.62 (m, 3H), 7.50 (s, 1H), similar manner as described in Example 179.

Example Structure MW Name

180 CH; 557.701 N-(4-{5-[6-
| (dimethylamino)-4-
methylpyridin-3-yl]-1H-

N N
CH; x o indol-2-yl}phenyl)-1-
| S (phenylacetyl)-L-
P >_\~ j prolinamide
-0

N

H O
181 555.704 N-{4-[5-(1-
Q & benzothiophen-3-yl)-
s 1H-indol-2-yl]phenyl}-
1-(phenylacetyl)-L-
NH m prolinamide

S
O N O
H O
182 579708  N-{4-[5-(1-benzyl-1H-
pyrazol-4-yl)-1H-indol-
2-yl]phenyl}-1-
(phenylacetyl)-L-
prolinamide
N
N | 0 $j
N
H O
183 557.655  N-{4-[5-(2,3-dihydro-

K\O 1,4-benzodioxin-6-yl)-
1H-indol-2-yl]phenyl}-
& 1-(phenylacetyl)-L-
C o) ‘j prolinamide
\ O ™ i
N
H O
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Example Structure

MW Name

184

185

186

N N S j
-0
N
H

H
N,

187

188

189

550.666  1-(phenylacetyl)-N-{4-

[5-(quinolin-8-yl)-1H-

indol-2-yl]phenyl}-L-
prolinamide

505.644  1-(phenylacetyl)-N-{4-

[5-(thiophen-3-yl)-1H-

indol-2-yl]phenyl}-L-
prolinamide

563.662  tert-butyl {(15)-2-[(2S)-
2-{[4-(5-cyano-1H-
indol-2-
yl)phenyl]carbamoyl}
pyrrolidin-1-yl]-2-oxo-
1-
phenylethyl }carbamate

879.037  propan-2-yl [(1R)-2-
oxo-1-phenyl-2-{(2S)-
2[4 (- {4 [({ (28 1-
[(2R)-2-phenyl-2-
{[(propan-2-
yloxy)carbonyl]amino}
acetyl]pyrrolidin-2-
yl}earbonyl)amino]
phenyl}-1H-indol-5-yl)-
1H-imidazol-2-
yl]pyrrolidin-1-
yl}ethyl]carbamate
606.687  propan-2-yl {(1R)-2-
[(28)-2-(5-{2-[4-
(acetylamino)phenyl]-
1H-indol-5-y1}-1,3,4-
oxadiazol-2-
yDpyrrolidin-1-yl]-2-
oxo-1-
phenylethyl }carbamate

576.704  N-{4-[5-(5-{(2S)-1-
[(2R)-2-(diethylamino)-
2.
phenylacetyl]pyrrolidin-
2-yl}-1,3 4-oxadiazol-2-
yl)-1H-indol-2-
yl]phenyl}acetamide
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Example Structure MW Name

1892 8069  methyl[(28)-1-{(28)-2-
[5-(10-{2-[(2S)-1-{(2S)-
2-[(methoxycarbonyl)
amino]-3-
methylbutanoyl}
pyrrolidin-2-yl]-1H-
imidazol-5-
yl}indolo[1,2-
¢][1,3]benzoxazin-3-yl)-
1H-imidazol-2-
yllpyrrolidin-1-yl}-3-
methyl-1-oxobutan-2-
yl]carbamate

189b 8249  methyl [(28)-1-{(2S)-2-
[5-(12-fluoro-10-{2-
[(25)-1-{(28)-2-
[(methoxycarbonyl)
amino]-3-
methylbutanoyl}
pyrrolidin-2-yl]-1H-
imidazol-5-
yl}indolo[1,2-
¢][1,3]benzoxazin-3-yl)-
1H-imidazol-2-
yllpyrrolidin-1-yl}-3-
methyl-1-oxobutan-2-
yl]carbamate

Example 189b

(Alternative Procedure: Methyl[(2S)-1{(2S)-2-[5- 45
(12-fluoro-10-{2-[(29)-1-{(2s)-2-[ (methoxycarbo-
nyl)amino]-3-methylbutanoyl}pyrrolidin-2-y1]-1H-
imidazol-5-y1}indolo[1,2-c][1,3]benzoxazin-3-yl)-
1H-imidazol-2-y1]pyrrolidin-1-y1}-3-methyl-1-
oxobutan-2-yl]carbamate
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Step 1
AcCl Q
— -
EtN )k
HO Br O Br

To a solution of compound 3-bromophenol (51 g, 0.3 mol)
and Et;N (36 g, 0.36 mol) in 500 mL. of DCM was added
dropwise acetyl chloride (26 g, 0.33 mol) in an ice-water bath.
The mixture was stirred at RT for 30 minutes. The mixture
was washed with 1 N HC], saturated Na,CO; and brine, dried
over Na,SO, and concentrated in vacuo to give a oil (62 g).

Step 2
| /O\ )‘D\
)j\o

AICI, (40 g, 0.3 mol) was slowly added to the product from
step 1 (21.5 g, 0.1 mol) in an ice-water bath. The mixture was
stirred at 140° C. for 2 hours. After cooling to 60-70° C., the
mixture was slowly poured into an ice water. The resulting
solution was extracted with DCM. The combined organic
phases were washed with brine, dried over Na,SO, and con-

centrated in vacuo. The residue was purified by column chro-
matography to give the desired compound (14 g). MS (ESI)

_AIC
T

m/e (M+H*): 214.
Step 3
0
H HCl AcOH,
NG EtOH
+ Q o
HO Br Br
Ko~
SN
Br HO Br

A mixture of the ketone obtained in step 2 (4.2 g, 20 mmol)
and 4-bromophenyl hydrazine hydrochloride (4.4 g 20
mmol) in AcOH and EtOH (1:10, 100 ml) was heated to
reflux for 6 hours. The solvent was removed in vacuo to give
a solid, which was used in the next step without further
purification (9.2 g crude). MS (ESI) m/e (M+H™): 383.

Step 4

PPA

Br HO Br

10

15

20

25

30

35

40

45

50

55

60
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-continued

N
H

HO

Br

A mixture of product from step 3 (9.2 g) in PPA was heated
to 80° C. for 2 hours. After cooling to RT, the mixture was
poured into ice water. The resulting solution was extracted
with DCM. The combined organic phases were washed with
brine, dried over Na,SO,, and concentrated in vacuo. The
residue was purified by column chromatography to give the
desired indole (4.8 g). MS (ESI) m/e (M+H™): 368.

Step 5

Br.
\ O Br select F
—_—
N DMSO, CH;CN
H
HO
O N O
H
HO

To a mixture of the indole from step 4 (6 g, 16.3 mmol) in
DMSO/CH;CN (1:1, 24 mL) was added SELecTFLUOR® (5.8
g, 16.3 mmol) in portion at RT. The mixture was stirred for an
additional 1 hour at RT, and the mixture was purified by
HPLC to give a solid (1.0 g). MS (ESD) m/e (M+H™): 386.

Step 6
Br
K2C03, DMF

o O
O \
NLO

C HzBrz

A mixture of the compound from step 5 (650 mg, 1.63
mmol), CH,Br, (1.5 g, 8.62 mmol) and K,CO, (1.2 g, 8.7
mmol) in DMF (32.5 mL) was stirred for 5 hours at 80° C.
Then the mixture was evaporated in vacuo. The residue was
diluted with EA and water. The organic layer was separated,
dried over Na,SO, and concentrated in vacuo to give a solid,
which was directly used to next step without further purifica-
tion (610 mg). MS (ESI) m/e (M+H™): 396.
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Step 7 Step 8

F
Br. 5 PinB
\ O Pd(dppf)Cl, \ Pd(dppf)Cl,
Br W BPin W
N N
-

10

25

A suspension of the boronate from above (2 mmol), tert-
butyl 2-(2-bromo-1H-imidazol-5-yl)pyrrolidine-1-carboxy-
late (2.4 mmol), Pd(dppf) Cl, (200 mg), Na,CO, (3 mmol)
. . and in THF/H,O (10:1, 33 mL) was refluxed at 75° C. over-

To a solution of the product from step 6 (1 mmol) in night under N, protection. The mixture was cooled and fil-
1,4-dioxane was added bis pinacol borate (1.1 mmol) ?‘nd tered, and the filtrate was washed with water (50 mL) and
Pd(dppD)Cl, (0.02 mmol) and KOAc (2 mmol). The reaction extracted with EtOAc (100 mL), washed with brine and dried
mixture was stirred under N, and heated to 110° C. for 3 35 gver anhydrous sodium sulfate. After concentrated in vacuo,

30

hours. After that, the solvent was removed under vacuum, and the residue was purified by column chromatography to afford
the residue was purified by column chromatography to afford the desired compound. MS (ESI) m/e (M+H™): 710.
the product. MS (ESI) m/e (M+H™"): 492. Step 9

HCI
—_—

NH

The protected proline from above (1.3 mmol) was added to

HCI/CH;0H (10 mIL, 3M). The mixture was stirred at RT for

65 2-3 hours before the mixture was concentrated to give the

crude product, which was used in the next step without further
purification. MS (EST) m/e (M+H*): 510
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NH

To a mixture of the crude product from step 9 (1.0 mmol),
(8)-2-(methoxycarbonylamino)-3-methylbutanoic acid (2.0
mmol) and DIPEA (8 mmol) in CH,CN (10 mL) was added
BOP (2.2 mmol). The resulting mixture was stirred at RT.
After LCMS showed the starting material to be consumed, the
mixture was filtered, and the filtrate was purified by HPL.C to
give the desired compound as a white solid. MS (ESI) m/e
(M+H™): 825. "H NMR (MeOD): 8 7.83-7.85 (m, 3H), 7.72
(s, 1H), 7.53 (s, 2H), 7.46-7.48 (m, 1H), 7.42 (s, 1H), 5.92 (s,
2H), 5.20-5.22 (m, 2H), 4.20-4.23 (m, 2H), 4.06-4.09 (m,
2H), 3.86-3.88 (m, 2H), 3.61 (s, 6H), 2.50-2.52 (m, 2H),
1.96-2.20 (m, 8H), 0.90-0.98 (m, 12H).

Example 190

(28)-1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-N-
(2-{5-[({(28)-1-[(2R)-2~(dimethylamino)-2-pheny-
lacetyl]pyrrolidin-2-yl}carbonyl)amino]-1,3-benzox-
az01-2-y1}-1H-indol-5-y1)pyrrolidine-2-carboxamide

35

40

45

50

272

To a solution of imidazole (13.6 g, 0.2 mol) in 1 L of DCM
was added BrCN (7.4 g, 66 mmol), and the mixture was
heated at reflux for 30 minutes. The mixture was cooled to RT,
and the white precipitate removed by filtration, and the filtrate
concentrated to 100 mL then cooled to 0° C. for 2 days. The
crystallized solid was filtered and washed with cold DCM,
then dried in vacuo to give the desired product (8.8 g) as a
white solid.

N
Yaaselse!
) N N NH

MezN

O

NMe,
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Step 2
NH
)I\ HO. heat
/\ N N /\ + —
N N
\) \\/
H;N NO,
O,N

N
\
| OyNHZ

A solution containing the product from step 1 (8.36 g, 54.2
mmol) and 2-amino-4-nitrophenol (8.74 g, 54.2 mmol) in
anhydrous THF (200 mL) was allowed to reflux under N, for
14 hours. The mixture was cooled to RT, filtered, and the
precipitate was washed with THF (cold) then dried in vacuo to
afford the desired product (9.0 g), as a yellow solid. MS (ESI)
m/e (M+H*): 180. 'H NMR (DMSO) &: 7.85~7.96(m, 3H),
7.52(d, J=8.8 Hz, 1H).

Step 3
O,N N
A t-BuNO,
| NH; CuBr,
O
0N

\
| OyBr

To a suspension of the product from step 2 (3.58 g, 20
mmol) in acetonitrile (300 ml.) was added CuBr, (8.96 g, 40
mmol). The solution became dark green and t-butyl nitrite
(4.12 g, 40 mmol) was added RT over 5 minutes, whereupon
the mixture heated at 45° C. for 2 hours. The reaction mixture
was poured into water (800 mL) and DCM (800 mL), and the
phases were separated. The aqueous phase was extracted with
DCM (3x800 mL), dried with Na,SO, and evaporated to
afford the crude product. Purification by column chromatog-
raphy afforded the desired product. MS (ESI) m/e (M+H*):
243/245. 'HNMR (DMSO) &: 8.71 (s, 1H), 8.42(d, J=9.2 Hz,
1H), 8.10 (d, J=9.2 Hz, 1H).

H,N

w

10

15

20

25

30

35

40

45
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Step 4

0-N

R Pd(II)
| \>_ Br TBoenN

d N\
N
Boce
(Boc),N \ 0
|
N\ N NO,
Boc

The mixture of compound from step 3 above (603 mg, 2.5
mmol), the indole boronic acid from Example 42 (1.0 g, 2.75
mmol), Pd(dppf)Cl, (183 mg, 0.25 mmol), Na,CO; (530 mg,
5.0 mmol) in 5 mL dioxane-H,O (5:1) was heated to reflux
under N, atmosphere overnight. When reaction was com-
plete, the mixture was poured into water and extracted with
DCM. The organic phase was dried over Na,SO, and concen-
trated, and the residue was purified to give compound the
desired product. MS (ESI) m/e (M+H™): 596.

Step 5

(Boc)oN o) 1. Pd(Cy
T, -
N\ N No, 2 HCI
Boce

N o
TO<T1L
X N NI,

The product from step 4 (596 mg, 1.0 mmol) was dissolved
in EtOAc and treated with Pd/C (100 mg, 20%). Then, the
mixture was stirred at RT overnight under H, atmosphere.
When the reaction was complete, the Pd/C was filtered off,
and the resulting solution was concentrated to give the crude
product MS (ESI) m/e (M+H*): 565. This material was cov-
ered with 5 mL of 3M HCI, and the mixture was stirred at RT
for 2 hours. Evaporation of the solvent afforded the desired
product, which was used directly without further purification.
MS (ESI) m/e (M+H™"): 265.

Step 6
0
| PyBOP
N NH,
oH
N
J
o]
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N
N \ O
J \ |
0 X N NH
Me,N
O
NMez

The compound was coupled using the procedure similar to
that which was described in Example 40 starting from 265 mg
(1.0 mmol) of the product from step 5. 'H NMR (MeOD) §:
8.12(s, 1H), 7.97(d, J=2 Hz, 1H), 7.30~7.70 (m, 15H),
5.30~5.35 (m, 2H), 4.51~4.60 (m, 2H), 3.85~3.95(m, 2H),
3.15~3.25(m, 2H), 3.06(s, 3H), 2.54(s, 6H), 1.80~2.30(m,
8H). MS (ESI) m/e (M+H™): 781.

20

25

Example 191

1-[(2R)-2-(diethylamino)-2-phenylacetyl]-N-{2-[4-

(5-{(28)-1-[(2R)-2-(diethylamino)-2-phenylacetyl] 30

pyrrolidin-2-y1}-1,3 4-oxadiazol-2-yl)phenyl]-1H-
indol-5-yl}-L-prolinamide

Step 1 -continued

60

O
[ )\ )J\
O ClL
—_—
NHNH, + C’J\OH EoN
65 N
bz
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0 />
N/N ~x
\
Cbz
0

To a solution of N-Cbz-L-Pro (14.9 g, 0.06 mol) and TEA
(8.08 g, 0.08 mol) in 100 mL, of DCM added dropwise iso-
propyl chloroformate (8.05 g, 0.066 mol) at 0° C. After addi-
tion, the solution was continued to stir for 1 hour before the

s

hydrazide (13.0 g, 0.05 mol) was added, and the mixture was

continued to stir for another 1 hour. The solvent was evapo-
rated in vacuo, and the residue was recrystallized from EtOH
to give a white solid (22.1 g). 'H NMR (DMSO) &: 10.47 (s,
1H), 10.03 (s, 1H), 7.86 (d, J=8.0 Hz, 2H), 7.62 (d, ]J=8.0 Hz,
2H), 7.31~7.61 (m, 5SH), 4.91~5.14 (m, 2 H), 4.26~4.35 (m, 1
H), 3.30~3.4 (m, 2 H), 1.95~2.19 (s, 4 H). MS (ESI) m/e
(M+H™): 494.

Step 2

ﬁ

jrdani

PPhs, C,Clg
DIPEA

To a solution of the product from step 1 (2.1 g, 4.26 mmol),
DIPEA (2.3 mL, 17.7 mmol) and PPh; (1.71 g, 6.5 mmol) in

(Boc),N

5

10

20
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35
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20 mL of MeCN was added hexchloroethane (1.41 g, 5.97
mmol), and the mixture was stirred at RT for 1.5 hours. The
solvent was evaporated, and the residue was purified by chro-
matography to give a white solid (1.75 g). MS (ESI) m/e
(M+H*): 494.

Step 3
N/N
Y
(0] N +
Cbz
I
{
Boc”” Pd(dppf)Cl
B(OH): ~Ng,c0,
N

|N
Lot
Boc \>
/N

A mixture of the product from step 2 above (494 mg, 1.0
mmol), indole boronic acid from Example 42 (377 mg, 1.0
mmol), Pd(dppf)CL, (73 mg, 0.10 mmol), Na,CO; (318 mg,
3.0 mmol), THF (25 mL) and H,O (5 mL) was refluxed under
N, overnight. The mixture was poured into water and
extracted with CH,Cl,. The organic phase was combined,
dried over Na,SO, and filtered to give the desired compound,

40 Which was used directly in the next step. MS (ESI) m/e

(M+H™): 680.
Step 4

bz
Example 99
—_—

steps 4-7

GW DO %
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Following the procedure described in Example 99, steps
4-7, the oxadiazole from step 3 above was converted to the
desired product. 'HNMR (MeOD) &: 8.09 (d, I=8.8 Hz, 2H),
7.99 (d, J=8.8 Hz, 2H), 7.83 (s, 1H), 7.66~7.68 (m, 4H),
7.55~7.58 (m, 6H), 7.38~7.40 (m, 1H), 7.22~7.24 (m, 1H),
6.98 (s, 1H), 5.39 (s, 1H), 5.37~5.39 (m, 2H), 4.52~4.54 (m,
1H), 4.12~4.14 (m, 1H), 3.94~3.96 (m, 1H), 3.10~3.41 (m,
8H), 2.72~2.76 (m, 2H), 1.84~2.24 (m, 8H), 1.34~1.41 (m,
6H), 1.16~1.19 (m, 6H). MS (ESI) m/e (M+H™"): 821.

Example 192

Methyl {(28)-1-[(2S)-2-{5-[4-(5-{2-[(2S)-1-{(2S)-2-
[(methoxy-carbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-
1-benzofuran-2-yl)phenyl]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate

[\ .
0/4\ \O O )\j
7/2;20/ o

Step 1

on  Oxalyl OH
Chloride
—_—
N DMSO/ N
Boc NEt3 Boc 0

A 2 L, 3-necked round bottomed flask equipped with an
overhead stir and a N, inlet was charged with a solution of
oxalyl chloride (130 mL, 0.26 mol) in DCM (250 mL). The
solution was cooled to -78° C., and a solution of DMSO (20
ml,, 0.28 mol) in DCM (30 mL.) was added dropwise. After 30
minutes, a solution of (S)—N-Boc-prolinol (40 g, 0.20 mol)
in DCM (200 mL) was added dropwise. After 30 minutes,
TEA (140 mL, 1.00 mol) was added to the solution, and the
flask was transferred to an ice/water bath and stirred for
another 30 minutes. The reaction mixture was diluted with
DCM (200 mL.) and washed successively with H,O, IM HCI,
saturated NaHCOj;, and brine. The DCM layer was dried over
Na,SO,, filtered, and concentrated to afford crude (S)-2-
formyl-pyrrolidine-1-carboxylic acid tert-butyl ester (40 g)
as an oil, which was used without further purification.
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Step 2
0
H\’H}\ a
H N
N\ e} NH3, H,O N\ N
Boc Boc

Glyoxal (2.0 mL of 40% in water) was added dropwise
over 11 minutes to a methanol solution of NH,OH (32 m[)
and (S)-Boc-prolinal (8.564 g, 42.98 mmol) and stirred at
ambient temperature for 19 hours. The volatile components
were removed in vacuo, and the residue was purified by a flash
silica gel chromatography (EtOAc) followed by a recrystal-
lization (EtOAc) to provide the desired compound as a white
fluffy solid (4.43 g). 'H NMR (DMSO) 8: 11.68, 11.59 (brs,
1H), 6.94 (s, 1H), 6.76 (s, 1H), 4.76 (m, 1H), 3.48 (m, 1H),
3.35-3.29 (m, 1H), 2.23-1.73 (m, 4H), 1.39-1.15 (s, 9H). MS
(ESI) m/e (M+H™): 238.

Step 3

NBoc g Br

N/§
| N
H

NBoc

To a suspension of the compound from step 2 (140 g, 0.59
mol) in THF (2000 m1) was added NBS (200 g, 1.1 mol). The
mixture was stirred at RT under N, protection overnight
before the solvent was removed, and the residue was purified
by chromatography on silica gel to give 230 g of the desired
dibromo compound. MS (ESI) m/e (M+H™"): 396.

Step 4

Br
I\i/%fBr Na,S0O; N|/§7Br
N N
H H
NBoc NBoc

To a suspension of compound from step 3 (230 g, 0.58 mol)
in EtOH/H,0O (3000 ml) was added Na,SO; (733 g, 5.8 mol).
The resulting mixture was stirred under reflux overnight.
After cooling to RT, the mixture was extracted by DCM and
concentrated under vacuum. The resulting residue was puri-
fied by chromatography on silica gel to give the desired
bromo imidazole target. MS (ESI) m/e (M+H"): 317.

Step 5

COOEt
)

NBS/
CCly

—_—
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COOEt
Br4©_<
Br

To a stirred solution of ethyl 4-bromophenylacetate (50 g,
205.8 mmol) in CCl, (500 mL) was added NBS (38 g, 214.7
mmol), then 48% aqueous HBr (4 drops). After the addition,
the solution was stirred overnight at 80° C. under argon. Then
the reaction was cooled to RT, filtered, and concentrated. The
resulting oil was directly used the next step.

Step 6
Br
O
\\\\/”// +
(0]
Br
(¢]
Br Cs,CO3/DMF
H——
reflux
OH
Br

O

To a solution of the compound from step 5 (2 g, 6.2 mmol)
in DMF (20 mL) was added 5-bromosalicylaldehyde (1.21 g,
6.0 mmol) and Cs,CO; (2 g, 12.3 mmol) under N, protection.
The resulting suspension was stirred for 5 hours at 160° C.,
then cooled and treated with water. The resulting precipitate
was filtered, and the filtrate cake was dried in vacuo to give the
desired compound, which was used directly in next step.
Step 7

O

Pd(dppf)Cly/KOAc/dioxane

XX
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A suspension of the product from step 6 above (4.43 g,
12.58 mmol), bis(pincolato)diboron (8.31 g, 32.72 mmol),
AcOK (3.72 g, 37.7 mmol) and Pd(dppf)Cl, (921 mg, 1.26
mmol) in dioxane (100 mL) was heated to reflux for 4 hours
under N,. The mixture was concentrated, the residue was
partitioned between H,O and DCM, and the aqueous phase
was extracted with DCM. The combined organic layers were
washed with brine, dried over Na,SO,, concentrated. The
residue was purified by chromatography onsilica gel to afford
the desired compound (5 g).

Step 8
Br
| .
N
H
NBoc
? Pd(dppf)Cl
B —
0~ O Na,CO
\ B/ a3
NBoc
.\\\
BocN

A suspension of the product from step 4 (5 mmol), the
boronate ester from step 7 (2 mmol), Pd(dppf)Cl, (146 mg,
0.2 mmol), and Na,CO; (636 mg, 6 mmol) were refluxed in
THF/H,O (10:1, 33 mL) overnight under N, protection. The
mixture was cooled and filtered, and the filtrate was washed
with water (50 mL) then extracted with EtOAc (100 mL),
washed with brine and dried over anhydrous sodium sulfate.
The solution was concentrated and the resulting residue was
purified by column chromatography (PE/EA=8:1—5:1) to
afford the desired compound. MS (ESI) m/z (M+H)*: 641).

Step 9

HCI/MeOH
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The product from step 8 (1.3 mmol) was added into 3M
HCVCH,OH (20 mL) and the mixture was stirred at RT for 2
to 3 hours. The mixture was concentrated, and the crude
product was used directly in the next step without further 15
purification. MS (EST) m/z (M+H)": 441.
Step 10

50

To a mixture of the product from step 9 (1 mmol), N-Moc-
L-valine (2.1 mmol) and DIPEA (0.4 mL) in DMF (3 mL) was
added BOP reagent (2.2 mmol). The resulting mixture was
stirred at RT for 16 hours. The solution was subjected directly
to RPLC to afford the desired compound. "H NMR (MeOD)
8:7.7-8.1 (m, 10 H), 7.4 (m, 1 H), 5.3 (m, 2 H), 4.3 (m, 2 H),
4.1(d,J=4.8Hz,2H),3.9 (m,2H),3.7 (m, 6 H), 2.6 (d, ]=4.8
Hz,2 H),2.0-2.4 (m, 8 H), 1.3-1.4 (m, 2 H), 0.9-1.0 (m, 12 H).
MS (ESD) m/z (M+H)*: 780.

55

60

Examples 193-202

65
Compounds of Examples 193-202 were prepared in a simi-
lar manner as described in Example 192.
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Example 203

Methyl {(28)-1-[(2S)-2-{5-[3-fluoro-4-(5-{2-[(2S)-
1-{(2S)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-
1-benzofuran-2-yl)phenyl]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-

yl}carbamate
N
) Oy
N O
A o
N F (6]
H
N,
(0]
(6]
HN/(O/
Step 1
Br.
LDA
+ BG-PIO); ——»
O
Br OH
N\
B
0] OH

To a solution of 5-bromobenzofuran (3.9 g, 20 mmol) in
dry THF (30 mL) cooled to —~78° C. under N,-protected LDA
(prepared from n-BuLi and iPr,NH in THF (~30 mmol)) was
slowly added. The mixture was stirred at the same tempera-
ture for 30 minutes, then triisopropylborate (5.64 g, 30 mmol)
was added to the mixture. The mixture was allowed to warm
to RT and stirred for 2 hours. The mixture was then quenched
with 1N HCI to pH=3 and extracted with EtOAc. The com-
bined organic phases were combined, dried and filtered. The
filtrate was concentrated to afford the desired product (4.3 g).
MS (ESD) m/e (M+H™"): 241.

Step 2

Br oH
9] \OH
F
i Br
I

Br

Pd(dppf)Cl,

—_—

F

O

A suspension of the boronic acid from step 1 (1.44 mg, 6.0
mmol), 2-fluoro-4-iodobromobenzene (1.8 g, 6.0 mmol),
Pd(dpp)Cl, (600 mg), Na,CO; (954 mg, 9.0 mmol) and in
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THF/H,O (9:1, 100 mL) was refluxed at 75° C. overnight
under N, protection. The mixture was cooled and filtered. The
filtrate was washed with water (150 mL) and extracted with
EtOAc (200 mL), washed with brine and dried over anhy-
drous sodium sulfate. The solution was evaporated and the
residue was purified by column chromatography (PE/EA=8:
1-5:1) to afford the desired compound. MS (ESI) m/e
(M+H*): 370.

Step 3

F
Br O/ \O
O \ O Br Pd(dppf)CL,
(0]

O 0

To a solution of the product from step 2 (1.85 g, 5 mmol),
bis(pinacolato)diboron (2.54 g, 10 mmol) and Pd(dppf)Cl,
(80 mg) and KOAc (0.98 g, 10 mmol) were dissolved in
1,4-dioxane (30 mL), and the reaction mixture was heated at
110° C. for 16 hours. The solvent was evaporated, and the
residue was purified by column chromatography with silica
gel elution with PE to afford the desired product as white solid
(1.95 g). MS (ESI) m/e (M+H™"): 465.

Step 4

w—0O
"y

O/

Pd(dppfH)Cl,

A suspension of the bromoimidazole from Example 192 (5
mmol), the boronate ester from step 3 (2 mmol), Pd(dppf)Cl,
(146 mg, 0.2 mmol) and Na,CO; (636 mg, 6 mmol) was
refluxed in THF/H,O (10:1, 33 mL) overnight under N, pro-
tection. The mixture was cooled and filtered, and the filtrate
was washed with water (50 mL) and extracted with EtOAc
(100 mL), washed with brine and dried over anhydrous
sodium sulfate. The solution was concentrated, and the result-
ing residue was purified by column chromatography (PE/
EtOAc=8:1) to afford the desired compound. MS (ESI) m/e
(M+H™): 683.
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NH

The product from step 4 (682 mg, 1.0 mmol) was treated ,5
with 3M HCVCH;OH (10 mL) and the mixture was stirred at
RT for 3 hours. The reaction mixture was concentrated, and
the crude product was used directly in the next step without
further purification. MS (ESI) m/e (M+H™"): 483.

Step 6

To a mixture of the product from step 5 (482 mg, 1.0
mmol), N-Moc-L-valine (2.1 mmol) and DIPEA (04 mL)in
DMF (3 mL) was added BOP reagent (977 mg, 2.2 mmol).
The resulting mixture was stirred at RT for 16 hours. The
solution was subjected directly to RPLC to afford the desired
compound as white solid (40 mg). 'H NMR (MeOD) &: 7.99
(s, 1 H), 7.89-7.80 (m, 5 H), 7.72-7.67 (m, 2 H), 7.47 (s, 1 H),
5.27-5.22 (m, 2 H), 4.22 (d, 2 H), 4.09 (d, 2 H), 3.89-3.84 (m, 65
2 H),3.64 (s, 6 H),2.55-2.02 (m, 10H), 0.92 (d, 6 H), 0.88 (d,

6 H). MS (ESI) m/e (M+H"): 797.

/> HCI/MeOH
e —
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Examples 204-212
Compounds of Examples 204-212 were prepared in a simi-
lar manner as described in Example 203.
Example Structure M+1 Name
204

205

207

866  Methyl {(1R)-2-[(2S)-2-{5-

[3-fluoro-4-(5-{2-[(2S)-1-
{(2R)-2-
[(methoxycarbonyl)amino]-
2-phenylacetyl }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-1-
benzofuran-2-yl)phenyl]-
1H-imidazol-2-

yl}pyrrolidin-1-yl]-2-oxo-
1-phenylethyl}carbamate

797 Methyl {(2S)-1-[(2S)-2-{5-
[3-fluoro-4-(5-{2-[(2S)-1-
{(28)2-
[(methoxycarbonyl)amino]-
methylbutanoyl}pyrrolidin-
2-yl]-1H-imidazol-5-yl}-1-
benzofuran-2-yl)phenyl]-
1H-imidazol-2-
yl}pyrrolidin-1-yl]-3-
methyl-1-oxobutan-2-
yl}carbamate

816  Methyl {(28)-1-[(25)-2-{5-
[2-(2,6-difluoro-4-{2-
[(2S)-1-{(28)-2-
[(methoxycarbonyl)amino]-
3-
methylbutanoyl}pyrrolidin-
2-yl]-1H-imidazol-5-
yl}phenyl)-1-benzofuran-5-
yl]-1H-imidazol-2-
yl}pyrrolidin-1-yl]-3-
methyl-1-oxobutan-2-
yl}carbamate

878  Methyl {(1R)-2-[(2S)-2-{5-

[3-methoxy-4-(5-{2-[(2S)-
1-{(2R)-2-
[(methoxycarbonyl)amino]-
2-phenylacetyl }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-1-
benzofuran-2-yl)phenyl]-
1H-imidazol-2-

yl}pyrrolidin-1-yl]-2-oxo-
1-phenylethyl}carbamate
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Example Structure M+1 Name
208 N 814  Methyl {(28)-1-[(28)-2-{5-
4 [2-(2-chloro-4-{2-[(28)-1-
{28)2-
N N N O~ [(methoxycarbonyl)amino]-
N, \( methylbutanoyl}pyrrolidin-

e}

Y

209 N 873
D¢
N N
@] N ©
20§
[e]
210 N. 794
D¢
N N
o Nln., Y
201
[e]
211 N
D
N N
Nu,,, 0
/o\(
[e]
@)
212 N 832

77

b
o4

2-yl]-1H-imidazol-4-
yl}phenyl)-1-benzofuran-5-
yl]-1H-imidazol-2-
yl}pyrrolidin-1-yl]-3-
methyl-1-oxobutan-2-
yl}carbamate

Methyl {(1R)-2-[(28)-2-{4-
[3-cyano-4-(5-{2-[(2S)-1-
{2R)-2-
[(methoxycarbonyl)amino]-
2-phenylacetyl }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-1-
benzofuran-2-yl)phenyl]-
1H-imidazol-2-
yl}pyrrolidin-1-yl]-2-oxo-
1-phenylethyl}carbamate

Methyl {(28)-1-[(2S)-2-{5-
[2-(4-{2-[(2S)-1-{(28)-2-
[(methoxycarbonyl)amino]-
methylbutanoyl}pyrrolidin-
2-yl]-1H-imidazol-4-yl}-2-
methylphenyl)-1-
benzofuran-5-yl]-1H-
imidazol-2-yl}pyrrolidin-1-
y1]-3-methyl-1-oxobutan-2-
yl}carbamate

Methyl[(1S)-2-[(2S)-2-(5-
{3-fluoro-4-[5-(2-{(2S)-1-
[28)-2-
[(methoxycarbonyl)amino]-
2-(tetrahydro-2H-pyran-4-
ylacetyl]pyrrolidin-2-yl}-
1H-imidazol-5-yl)-1-
benzofuran-2-yl]phenyl}-
1H-imidazol-2-
ylpyrrolidin-1-yl]-2-oxo-
1-(tetrahydro-2H-pyran-4-
ylethyl]carbamate

Methyl {(25)-1-[(28)-2-{4-
[3-fluoro-4-(5-{2-[(2S)-1-
{(2R)-2-
[(methoxycarbonyl)amino]-
2-phenylacetyl }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-1-
benzofuran-2-yl)phenyl]-
1H-imidazol-2-
yl}pyrrolidin-1-yl]-3-
methyl-1-oxobutan-2-
yl}carbamate
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Example 213

Methyl {(1R)-2-[(2S)-2-{5-[4-(5-{2-[(28)-1-{(2R)-2
[(methoxy-carbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1, 5
3-benzoxazol-2-yl)phenyl]-1H-imidazol-2-
yl}pyrrolidin-1-yl]-2-oxo-1-phenylethyl }carbamate

N
/\ a
N W\
N
0 N
O O
NHMoc

MocHN

Step 1 overnight. The reaction mixture was cooled and concentrated,
then chromatographed on silica gel gave the product com-
pound. MS (ESI) m/e (M+H™): 366.

o Br NH, ’s
>_®7 PPA Step 3
Br + e
HO ol
Br. N
\>—®—Br 30 o
A\ v
35
4-Bromobenzoic acid (20 g, 0.1 mol) and 2-amino-4-bro- N \
mgphenol (18.8 g, 0.1 mql) were addgd into polyphosphoric |/>—Br Pd(dppfICly
acid (250 mL), and the mixture was stirred at 140° C. for 90 - .
minutes. After cooling in an ice-bath, the reaction mixture H NaxCOs
was diluted with water (4000 mL) and neutralized with 40 NBoc

NaOH. The resulting solid was filtered off and dried to afford
the desired benzoxazole. MS (ESI) m/e (M+H™*): 354.
Step 2

45

N
N /O 4 |
AR N
Br. N o o NBoc g \ / N
N\ Br 50 [
Pd(dppf)Cl> o) N .

|
B 55

60 A suspension of the product from step 2 (1.2 g, 2.6 mmol),

bromoimidazole from Example 192 (2 g, 6.3 mmol), Na,CO,

(1.3 g, 12 mmol) and Pd(dppt)Cl, (220 mg, 0.3 mmol) in

A suspension of the product from step 1 above (10.6 g, 30 THF/H,O (36 ml) was stirred at 100° C. under N, protection

mmol), bis(pinacolato)diboron (30.3 g, 120 mmol), KOAc 45 overnight. The reaction mixture was concentrated and puri-

(7.6 g, 78 mmol) and Pd(dppH)Cl, (1.1 g, 1.5 mmol) in diox- fied by chromatography on silica gel to give the desired com-
ane (300 ml) was stirred at 100° C. under N, protection pound. MS (ESI) m/e (M+H™): 666.
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BDad

NBoc : : : i ~N HCUMeOH._
J\ anth
BocN\>

ml@%@fg

A solution of the product from step 3 (400 mg, 0.6 mmol)
in HC/MeOH (20 ml) was stirred at ambient temperature for
3 hours, then concentrated and dried under high vacuum to
give to desired product. MS (ESI) m/e (M+H™"): 466.

Step 5

N
(>~
NH g : : : : J\ Bop
N 10

Lo
o ooty

‘\“\>

NHMoc

MocHN

50

To a mixture of the product from step 4 (233 mg, 0.5
mmol), N-Moc-D-Phg (1.1 mmol) and DIPEA (0.2 mL) in
DMF (3 mL) was added BOP reagent (488 mg, 1.1 mmol).
The resulting mixture was stirred at RT for 16 hours before
the solution was subjected directly to RPLC to afford the 55
desired compound. 'H NMR (MeOD) &: 8.4 (d, ]-8.4 Hz, 2
H), 8.2 (s, 1 H), 8.0 (m, 3 H), 7.9 (m, 3 H), 7.5-7.4 (m, 10 H),
5.5(s,2 H), 5.3 (m, 2 H), 4.1-4.0 (m, 2 H), 3.6 (d, J=2.8 Hz,

6 H),3.3 (m, 1 H),3.3-3.1 (m, 1 H), 2.5-2.3 (m, 2 H), 2.2-2.1
(m, 4 H), 2.0 (m, 2 H). MS (ESI) m/e (M+H"): 780. 60

Examples 214-215
65
Compounds of Examples 214-215 were prepared in a simi-
lar manner as described in Example 213.

306
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Examples 216-227

Compounds of Examples 216-227 were prepared in a simi-
lar manner as described in Example 189b (Alternative Pro-
cedure).

310

Example Structure

M+1

Name

216

NH

NH

AN \\\“.‘.

O
e N

A
i

)

3

ZE E

\Z
NS
=7

218 CH;

NH O

Z, .
Xy
Z

CH; CHj

875

835

dimethy! (indolo[1,2-
c][1,3]benzoxazine-3,10-diylbis{1H-
imidazole-5,2-diyl(2S )pyrrolidine-
2,1-diyl[(1R)-2-0x0-1-phenylethane-
2,1-diyl] })biscarbamate

methyl [(2S)-1-{(28)-2-[5-(11-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-6,7-
dihydroindolo[1,2-d][1,4]
benzoxazepin-3-yl)-1H-imidazol-2-
yllpyrrolidin-1-yl}-3-methyl-1-
oxobutan-2-yl]carbamate

methyl [(25)-1-{(28)-2-[5-(3-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-y1}-6,6-
dimethylindolo[1,2-¢][1,3]
benzoxazin-10-yl)-1H-imidazol-2-
yllpyrrolidin-1-yl}-3-methyl-1-
oxobutan-2-yl]carbamate



US 9,090,661 B2

-continued
Example Structure M+1 Name
219 0 CH; 839 methyl [(28)-1-{(2S)-2-[5-(12-fluoro-
/ cH 10-{2-[(28)-1-{(28)-2-
O / 3 [(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1H-
AN CH; O o imidazol-5-yl}-6-methylindolo[1,2-
¢][1,3]benzoxazin-3-yl)-1H-imidazol-
CHs 2-yl]pyrrolidin-1-y1}-3-methyl-1-
N CH;z HN oxobutan-2-yl]carbamate
0 CH;
/ T NH 0
N F N
/ H
\ N
N N\~
O
CH;z
220 /CH3 804 methyl [(25)-1-{(28)-2-[5-(3-{2-

221 N N
m | / )/
N N N
H N\ o
o N
HN N
0 1 y 0 CH;
/O . H/'\ CH; anl

ofr, 3 CH,

CH;

[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-yl}indolo[1,2-
¢]quinazolin-10-yl)-1H-imidazol-2-
yllpyrrolidin-1-yl}-3-methyl-1-
oxobutan-2-yl]carbamate

835 methyl [(2S)-1-{(28)-2-[5-(12-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-7,8-dihydro-
6H-indolo[1,2-e][1,5]benzoxazocin-
3-yl)-1H-imidazol-2-yl]pyrrolidin-1-
yl}-3-methyl-1-oxobutan-2-
yl]carbamate
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Example

Structure

M+1 Name

222

223

224

225

820 methyl [(25)-1-{(28)-2-[5-(3-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-6-0x0-5,6-
dihydroindolo[1,2-¢]quinazolin-10-
y1)-1H-imidazol-2-yl|pyrrolidin-1-
yl}-3-methyl-1-oxobutan-2-
yl]carbamate

883 methyl [(25)-1-{(28)-2-[5-(10-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-6-
phenylindolo[1,2-¢][1,3]benzoxazin-
3-yl)-1H-imidazol-2-yl]pyrrolidin-1-
yl}-3-methyl-1-oxobutan-2-
yl]carbamate

318 methyl [(25)-1-{(28)-2-[5-(3-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-yl}-6-
methylindolo[1,2-¢c]quinazolin-10-
y1)-1H-imidazol-2-yl|pyrrolidin-1-
yl}-3-methyl-1-oxobutan-2-
yl]carbamate

875.1  methyl [(28)-1-{(28)-2-[5-(10-{2-
[(28)-1-{(28)-2-[(methoxycarbonyl)
amino]-3-methylbutanoy! }pyrrolidin-
2-yl]-1H-imidazol-5-yl}spiro
[cyclohexane-1,6"-indolo[1,2-
¢][1,3]benzoxazin]-3-yl)-1H-
imidazol-2-yl]pyrrolidin-1-yl}-3-
methyl-1-oxobutan-2-yl]carbamate
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-continued

M+1 Name

842 methyl [(25)-1-{(28)-2-[5-(1,12-
difluoro-10-{2-[(28)-1-{(2S)-2-
[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1H-
imidazol-5-yl}indolo[1,2-
¢][1,3]benzoxazin-3-yl)-1H-imidazol-
2-yl]pyrrolidin-1-y1}-3-methyl-1-
oxobutan-2-yl]carbamate

832 methyl [(2S)-1-{(2S)-2-[5-(12-cyano-
10-{2-[(2S)-1-{(2S)-2-
[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-yl]-1H-
imidazol-5-yl}indolo[1,2-
¢][1,3]benzoxazin-3-yl)-1H-imidazol-
2-yl]pyrrolidin-1-y1}-3-methyl-1-
oxobutan-2-yl]carbamate

Example 228
Measuring Compound Inhibitory Potency

Measurement of inhibition by compounds was performed
using the HCV replicon system. Several different replicons
encoding different HCV genotypes or mutations were used.
Inaddition, potency measurements were made using different
formats of the replicon assay, including different ways of
measurements and different plating formats. See Jan M.
Vrolijk et al., A replicons-based bioassay for the measure-
ment of interferons in patients with chronic hepatitis C, 110 1.
Virorocicar MetHops 201 (2003); Steven S. Carroll et al.,
Inhibition of Hepatitis C Virus RNA Replication by 2'-Modi-
fied Nucleoside Analogs, 278(14) I. Brorocical CHEMISTRY
11979 (2003). However, the underlying principles are com-
mon to all of these determinations, and are outlined below.

Stable neomycin phosphotransferase encoding replicon-
harboring cell lines were used, so all cell lines were main-
tained under G418 selection prior to the assay. In some cases,
the cell lines encoded a luciferase:Neor fusion and could be
assayed either directly by determination of RNA copy num-
ber, or indirectly through measurement of the luciferase activ-
ity.

To initiate an assay, replicon cells were plated in the pres-
ence of a dilution series of test compound in the absence of
G418. Typically, the assays were performed in a 96-well plate
format for manual operation, or a 384-well plate in an auto-
mated assay. Replicon cells and compound were incubated
for 24 to 72 hours. At the end of the assay, cells are washed
free of media and compound and then lysed. Luciferase activ-

45

55

60

ity was measured using a conventional luciferase assay. EC
determinations were calculated as a percent of a DMSO con-
trol by fitting the data to a four parameter fit function.

The activity table below provides representative data illus-
trating observed activity against genotype 1b.

Activity Table
Example ECs0 (nM)
2 9
6 200
14 10
15 0.045
19 25
26 0.063
30 26
39 0.24
40 0.026
41 0.05
42 14
45 0.02
49 0.072
58 0.97
60 0.13
62 0.067
72 0.17
94 0.006
95 0.01
96 0.015
99 0.038
100 0.031
101 0.5
102 8.3
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Activity Table
Example ECs5, (mM)
103 5.7
105 0.08
107 0.04
116 0.065
119 0.013
125 0.016
129 0.7
130 0.05
131 17
137 0.009
138 8.5
144 0.036
155 0.9
158 0.5
159 0.002
169 0.004
178 317
186 0.015
189a 0.15
189b 0.001
190 0.067
191 0.02
192 0.002
193 0.05
203 0.004
213 0.009

It will be appreciated that various of the above-discussed
and other features and functions, or alternatives thereof, may
be desirably combined into many other different systems or
applications. It will also be appreciated that various presently
unforeseen or unanticipated alternatives, modifications,
variations or improvements therein, also intended to be
encompassed by the following claims, may be subsequently
made by those skilled in the art.

What is claimed is:
1. A compound having structural formula (I):

@
®Y),

O Ot

and/or a pharmaceutically acceptable salt thereof, wherein:

®

(R,

is

O,

which is substituted by u substituents R*,

each R! is independently chosen from the group consist-
ing of hydrogen, halogen, —OR**, —CN,
—(CH,)osC(OR?,  —CO,R*,  —C(ON(R™),,
— SR, —S(O)R*, —S(O)R**, —(CH,)o.N(R ™),
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318
—NR?**)SO,R*, —N(R*)CO,R%a, —N(R>**)C(0)
R%, —NR*)COR™,  —NR**)C(O)NR),

C, salkyl, C;_gcarbocycle containing from 0 to 3 het-
eroatoms chosen from N, O and S, and phenyl, and the
C, salkyl, C;_gcarbocycle and phenyl are substituted
by from O to 3 substitutents independently chosen
from the group consisting of hydrogen, halogen,
—OR*, —CN, —CO,R* —C(ONR*?),,
—N(R?*%),, —N(R**)CO,R*?, —SR?**, —S(O)R>*,
—S(0,)R*, —NR>*SO,R*, —N(R*)CO,R**,
—NER>*CO)NR?), C,_salkyl, —O—C,_salkyl,
—S—C, _salkyl, and C; gcycloalkyl,
u is from O to 4,

each R? is independently chosen from the group consist-
ing of hydrogen, C, salkyl, —OH, —O—C, calkyl
and C;_gcycloalkyl, and

each R*“ is independently chosen from the group con-
sisting of hydrogen, C, alkyl and C,_gcycloalkyl;

is phenyl, which is substituted by v substituents R,

each R? is independently chosen from the group consist-
ing of hydrogen, halogen, —OR*?, —CN, —CO,R**,
—COR*, —C(ON(R™), —N(R*),, —N(R*)
COR?, —NR™)CO,R*™, —NER*)CONR*),
—N(R*)SO,R*, —SR*  —S(0)R*, —S(0,)R*,
C, salkyl substituted by from 0 to 4 R* and C,_.cy-
cloalkyl substituted by from 0 to 4 R*,

v is from O to 4,

each R* is independently chosen from the group con-
sisting of hydrogen, —OH, C, salkyl and C; ¢cy-
cloalkyl;

each R**is independently chosen from the group con-
sisting of hydrogen, C, salkyl and C, _scycloalkyl;
each D is independently a 5- or 6-membered aryl ring
system D' containing from 0 to 4 heteroatoms inde-
pendently chosen from the group consisting of N, O
and S, and substituted on C or N atoms by from 0 to 2
substituents R>,

each R® is independently chosen from the group con-
sisting of hydrogen, halogen, —OR® —CN,
—CO,R%, —C(ONR®),., —NR®),, —NR®)
COR®, —SRS, —S(O)R®, —S(0O,)RS, —N(R®)
SO,R®%, —NCO,R®, —NC(O)N(R%),, C, salkyl
substituted by from 0 to 3 R® and C,_scycloalkyl
substituted by from 0 to 3 RS, and

each R° is independently chosen from the group con-
sisting of hydrogen, C, salkyl and C; gcycloalkyl;

each E is a pyrrolidinyl derivative chosen from the group
consisting of:
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D I—

1 is a bivalent group chosen from —C(O)—, —CO,—
and —C(O)N(R")—,
Jis afused ring system chosen from the group consisting
of 3- to 7-membered carbocycles and 5- or 6-mem-
bered aryl rings containing from 0 to 4 heteroatoms
independently chosen from the group consisting of N,
O and S, and substituted on C or N atoms by substitu-
ents R®,
each R®*is independently chosen from the group con-
sisting of hydrogen, halogen, —OH, —OC, alkyl
and C,_salkyl, or two R®** may be taken together to
form oxo,

each R®is independently chosen from the group con-
sisting of hydrogen, halogen, —OH, —OC, alkyl
and C,_salkyl, or two R® may be taken together to
form oxo,

each R* is independently chosen from the group con-
sisting of hydrogen and C, _salkyl,

or any two groups selected from R**, R®” and R®** may
be taken together to form a spiro-bicyclic or
bridged bicyclic ring;

each R’ is independently chosen from the group con-
sisting of hydrogen, halogen, C, calkyl, —O—
C, salkyl, —S—C, alkyl, —NH—C, calkyl and
—NHC(0)—C, _salkyl; and

each G is independently chosen from the group consisting

of:

(a) hydrogen,

(b) 40R10a,

(c) —CN,

(d) —CO,R',

() —C(ON(R™),,

() —SR'*,

(2) —S(OR™,

(h) —S(O)R™",

(i) —NR'),,

() —N(R')SO,R'*,

(k) —NCO,R'?,

() —NC(ONR™),,

(m) C,_salkyl having O to 4 substituents R*!,

each R'!is independently chosen from the group con-

sisting of

(i) —OH,

(i) —N(R'),,

(iii) =NR'°,

(iv) —O —C, qalkyl,

(v) —C(O)R™,

(vi) —S—C, _galkyl,

(vii) —SO,—C, _salkyl,

(viii) 3- to 8-membered carbocycles containing
from O to 3 heteroatoms independently chosen
from the group consisting of N, O and S, and
having from O to 3 substitutents R'* on N or C
atoms, and each R'? is independently selected
from the group consisting of hydrogen, halogen,
C, _salkyl having from O to 3 substituents chosen
from R'°, —O—C, salkyl, —S—C,_salkyl,
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—OR'" —CN, —C(O)R", —CO,R"
—C(O)N(R*?),,—SR'%*, —S(O)R'°?,—S(0,)
R!% —N(R!®)SO,R'°?, —NCO,R*?, —NC
(O)N(R'?), and —N(R'®),, or two R'? are taken
together to form oxo, and
(ix) 5- or 6-membered aryl containing from O to 3
heteroatoms independently chosen from the group
consisting of N, O and S, and having from O to 3
substitutents R'® on N or C atoms, and each R'? is
independently selected from the group consisting
of hydrogen, halogen, C, alkyl, —O—C, .alkyl
and 3- to 8-membered carbocycles containing from
0 to 3 heteroatoms independently chosen from the
group consisting of N, O and S,

(n) 3- to 8-membered carbocycles containing from 0to 3
heteroatoms independently chosen from the group
consisting of N, O and S, and having from 0 to 3
substitutents R*® on N or C atoms; and

(0) aryl ring systems G' chosen from the group consist-
ing of:

(1) 5- to 7-membered monocyclic ring systems and

(ii) 8- to 10-membered bicyclic ring systems,

and the aryl ring systems G' containing from 0 to 4
heteroatoms independently chosen from the group
consisting of N, O and S, and substituted on C or N
atoms by 0 to 3 substitutents R'°;

each R'° is independently chosen from the group con-
sisting of
(1) hydrogen,

(ii)) —CN,

(iii) C,_salkyl,

(iv) —O—C,_salkyl,

(v) —S—C,_salkyl,

(vi) C,_qalkyl-O—R'

(vii) —C(O)R™,

(viii) —CO,R™,

(ix) —SO,R*4,

(x) —NR™),,

(xi) —NR'SO,R',

(xii) —NCO,R™,

(xiii) —NC(O)N(R'*),, and

(xiv) 3-to 8-membered carbocycles containing from 0
to 3 heteroatoms independently chosen from the
group consisting of N, O and S,

or two R*® may be taken together to form oxo;

each R'°“ is independently chosen from the group con-
sisting of
(1) hydrogen,

(ii)) —CN,

(iii) C,_salkyl,

(iv) C,_salkyl-O—R™,

(v) —C(OR™?,

(vi) —CO,R'™,

(vii) —SO,R™,

(x) —NR™),,

(xi) —NR'SO,R',

(xii) —NCO,R™,

(xiii) —NC(O)N(R'),, and

(xiv) 3-to 8-membered carbocycles containing from 0
to 3 heteroatoms independently chosen from the
group consisting of N, O and S,

and two R'° or R'°? groups can be taken together with
the N to which they are attached to form a ring, which
may be substituted by from 0 to 3 substituents R**,
and
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each R'* is independently chosen from the group con-
sisting of hydrogen, C, alkyl, C, scycloalkyl,
—(CH,),.5C5_gcycloalkyl and phenyl.

2. The compound according to claim 1, wherein each R! is
chosen from the group consisting of hydrogen, fluorine and
—CN.

3. The compound according to claim 1, wherein

v is from O to 4,

each R? is independently chosen from the group consisting

of hydrogen, halogen, —OR™, —CN, —CO,R*,
—CONR*),, —N®*), —NR*CO,R™,
—SR*, —S§(0)R*, —S(0,)R*, —NR**)SO,R*,
—NR*)CO,R*, —NR*)C(ONR?*), C, alkyl

substituted by from 0 to 4 R* and C,_gcycloalkyl substi-
tuted by from 0 to 4 R?,
each R*is independently chosen from the group consisting
of hydrogen, —OH, C, alkyl and C, gcycloalkyl, and
each R** is independently chosen from the group consist-
ing of hydrogen, C, salkyl and C; gcycloalkyl.
4. The compound according to claim 1, wherein each D is
independently chosen from the group consisting of

5. The compound according to claim 1, wherein each E is
independently chosen from the group consisting of

Y o]
D D
G, (e} and
N N \
G
(6]
D
G
N
R8a
R8a
R8> R8

where one of R** and R®” is —OH or fluorine.
6. The compound according to claim 1, wherein each G is
independently chosen from the group consisting of
(a) hydrogen,
(b) —CN,
(c) C,_salkyl having 1 to 3 substituents R,
each R'! is independently chosen from the group con-
sisting of —OH, —NH,, —NCH;H, —N(CH,),,
—N(CH,CH,),, —NH, —NCH,, —C(O)H, —C(0O)
OH, —C(O)CH;, —C(O)OCH,, —NHC(O)H,
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—NHC(O)OH, —NHC(O)CH,, —NHC(O)OCH,,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl,
and oxacyclohexyl, phenyl, pyridinyl, pyrimidinyl
and pyrrolyl, where

the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
pyranyl, pyrrolidinyl, piperidinyl, oxacyclopentyl
and oxacyclohexyl are substituted by from 0 to 2
substitutents R*? on N or C atoms, and each R'? is
independently selected from the group consisting of
hydrogen, halogen, carboxy, C, salkyl, —O—C, ¢
alkyl and —S—C, _salkyl; and

the phenyl, pyridinyl, pyrimidinyl and pyrrolyl are sub-
stituted by from O to 3 substitutents R'®> on N or C
atoms, and each R'? is independently selected from
the group consisting of hydrogen, halogen, C, salkyl
and 3- to 8-membered cycloalkyl containing from 0 to
3 heteroatoms independently chosen from the group
consisting of N, O and S,

(d) cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyra-
nyl, pyrrolidinyl, piperidinyl, oxacyclopentyl and
oxacyclohexyl having from 0 to 3 substitutents R*® on N
or C atoms, said R'° independently selected from the
group consisting of hydrogen, halogen, carboxy,
C,_salkyl,—0O—C, qalkyl, —S—C, salkyl, phenyl and
benzyl, and

(e) aryl ring systems G' chosen from the group consisting
of: phenyl, pyridinyl and 9-membered bicyclic ring sys-
tems containing from 0 to 2 heteroatoms independently
chosen from the group consisting of N and O.

7. The compound according to claim 1, wherein

said

®

Rr!

O,

where said

®

is substituted by from 0 to 3 additional R*;
v is from 0 to 2;

each R? is independently chosen from the group consisting
of fluorine, chlorine, —OH, —CH;, —OCH,; and
—CN;

each D is independently chosen from the group consisting
of
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each E is independently chosen from the group consisting

of
o 0
D D
G, fo) and
N N \
G
(0]
D
G
N
R
RSa
RS RS®

where one of R® and R®® is —OH or fluorine; and

each G is independently chosen from the group consisting
of C,_,alkyl having 1 to 2 substituents R**, wherein each
R'! is independently chosen from the group consisting
of —OH, —NH, —NCH;H, —N(CH,),,
—N(CH,CH,),, —C(O)OCHS,, cyclopropyl, cyclobu-
tyl, cyclopentyl, cyclohexyl, pyranyl, pyrrolidinyl, pip-
eridinyl, oxacyclopentyl, oxacyclohexyl, phenyl,
pyridinyl, pyrimidinyl and pyrrolyl.
8. The compound according to according to claim 1,
wherein the compound having structural formula (I) is a
compound having structural formula (Ib):

(Ib)

or a pharmaceutically acceptable salt thereof, wherein said

A\

Y

is substituted by u substituents R', and Y is O.

9. The compound according to according to claim 8,
wherein said
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A

Y

is substituted by u substituents R, Y is O, and both instances
of G are

e}

P

N O
H

10. The compound according to according to claim 1,
wherein the compound having structural formula (I) is a
compound having structural formula (Ib):

(Ib)

or a pharmaceutically acceptable salt thereof, wherein said

A\

Y

is substituted by u substituents R', Y is O, and both
instances of G are

e}

PN

N O
H

11. A compound according to claim 1, chosen from the

group consisting of:

propan-2-yl[(1R)-2-{(2S)-2-[(4-{3-bromo-5-[({(2S)-1-
[(2R)-2-phenyl-2-{[(propan-2-yloxy)carbamonyl]
amino }acetyl|pyrrolidin-2-yl}carbonyl)amino]-1-ben-
zofuran-2-yl}phenyl)carbamoyl]pyrrolidin-1-y1}-2-
oxo-1-phenylethyl]|carbamate;

(28)-N-(4-{3-bromo-5-[({(28)-1-[(2R)-2-(dimethy-
lamino)-2-phenylacetyl]pyrrolidin-2-y1}carbonyl)
amino]-1-benzofuran-2-yl}phenyl)-1-[(2R)-2-(dim-
ethylamino)-2-phenylacetyl|pyrrolidine-2-
carboxamide;

methyl{ (1R)-2-[(28)-2-({4-[3-bromo-5-({[(2S)-1-{(2R)-
2-[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-yl]carbonyl }amino)-1-ben-
zofuran-2-yl]phenyl}carbamoyl)pyrrolidin-1-y1]-2-
oxo-1-phenylethyl}carbamate;
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methyl{(2S)-1-[(2S)-2-({4-[3-fluoro-5-({[(2S)-1-{(2S)-
2-[(methoxycarbonyl)amino]-3-
methylbutanoyl }pyrrolidin-2-yl]carbonyl }amino)-1H-
indol-2-yl]phenyl}carbamoyl)pyrrolidin-1-y1]-3-
methyl-1-oxobutan-2-yl }carbamate;
N-{2-[4-(acetylamino)phenyl]-3-bromo-1-benzofuran-5-
y1}-1-[(2R)-2-(dimethylamino)-2-phenylacetyl]-L-
prolinamide;
tert-butyl 1(19)-2-[(28)-2-({4-[3-bromo-5-({[(2S)-1-
{(28)-2-[(tert-butoxycarbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-yl]carbonyl }amino)-1-ben-
zofuran-2-yl]phenyl }carbamoyl)pyrrolidin-1-yl]-2-
oxo-1-phenylethyl }carbamate);
(25)-N-{4-[3-bromo-5-({[(2S)-1-phenylacetyl)pyrroli-
din-2-yl]carbonyl}amino)-1-benzofuran-2-yl]phenyl} -
1-(phenylacetyl)pyrrolidine-2-carboxamide;
tert-butyl{ (1R)-2-[(28)-2-({4-[3-bromo-5-({[(2S)-1-
{(2R)-2-[(tert-butoxycarbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-yl]carbonyl }amino)-1-ben-
zofuran-2-yl]phenyl }carbamoyl)pyrrolidin-1-yl]-2-
oxo-1-phenylethyl }carbamate;
methyl{(2S)-1-[(2S)-2-{5-[4-(5-{2-[(2S)-1-{(28)-2-
[(methoxy-carbonyl)amino]-3-
methylbutanoyl }pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1 }pyrrolidin-
1-yl]-3-methyl-1-oxobutan-2-yl}carbamate;
(2R)-2-(diethylamino)-1-[(2S)-2-(5-{4-[5-(2-{(2S)-1-
[(2R)-2-(diethylamino)-2-phenylacetyl]|pyrrolidin-2-
yl}-1H-imidazol-5-y1)-1-benzofuran-2-yl|phenyl}-1H-
imidazol-2-yl)pyrrolidin-1-yl]-2-phenylethanone;
methyl{(1S)-1-cyclopropyl-2-[(2S)-2-{5-[4-(5-{2-[(2S)-
1-{(28)-2-cyclopropyl-2-[(methoxycarbonyl)amino]
acetyl}pyrrolidin-2-yl]-1H-imidazol-5-y1}-1-benzofu-
ran-2-ylyphenyl]-1H-imidazol-2-y1}pyrrolidin-1-y1]-2-
oxoethyl }carbamate;
methyl{(1R)-1-cyclopropyl-2-[(2S)-2-{5-[4-(5-{2-[(2S)-
1-{(2R)-2-cyclopropyl-2-[(methoxycarbonyl)amino]
acetyl}pyrrolidin-2-yl]-1H-imidazol-5-y1}-1-benzofu-
ran-2-ylyphenyl]-1H-imidazol-2-y1}pyrrolidin-1-y1]-2-
oxoethyl }carbamate;
methyl{(2R)-1[(2S)-2-{5-[2-(4-{2-[(2S)-1-{(2R)-2-
[(methoxycarbonyl)amino]-3-methylbutanoyl }
pyrrolidin-2-y1]-1H-imidazol-5-yl }phenyl)-1-benzofu-
ran-5-yl]-1H-imidazol-2-y1}pyrrolidin-1-yl1]-3-methyl-
1-oxobutan-2-yl}carbamate;
methyl{(2S)-1-[(2S)-2-{5-[4-(5-{2-[(2S)-1-{(28)-2-
[(methoxycarbonyl)amino]-3,3-
dimethylbutanoyl }pyrrolidin-2-yl]-1H-imidazol-5-y1} -
1-benzofuran-2-yl)phenyl]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-3 ,3-dimethyl-1-oxobutan-2-
yl}carbamate;
methyl{(1R)-2-[(2S)-2-{5-[4-(5-{2-[(2S)-1-{(2R)-2-
[(methoxycarbonyl)amino]-2-phenylacetyl}pyrrolidin-
2-yl]-1H-imidazol-4-y1}-1-benzofuran-2-yl)phenyl]-
1H-imidazol-2-y1}pyrrolidin-1-yl]-2-0x0-1-
phenylethyl }carbamate;
methyl{(2S,3R)-1-[(2S)-2-(5-{2-[4-(2-{(2S)-1-[N-
(methoxycarbonyl)-L-alloisoleucyl]pyrrolidin-2-y1}-
1H-imidazol-5-yl)phenyl]-1-benzofuran-5-y1}-1H-
imidazol-2-yl)pyrrolidin-1-y1]-3-methyl-1-oxopentan-
2-yl}carbamate;
methyl{(2S)-3-hydroxy-1-[(2S)-2-{5-[4-(5-{2-[(2S)-1-
{(28)-3-hydroxy-2-[ (methoxycarbonyl)amino]
propanoyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-ben-
zofuran-2-yl)phenyl]-1H-imidazol-2-yl}pyrrolidin-1-
yl]-1-oxopropan-2-yl }carbamate;
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methyl{(2S,3R)-3-hydroxy-1-[(2S)-2-{5-[4-(5-{2-[(2S)-
1-{(28,3R)-3-hydroxy-2-[ (methoxycarbonyl)amino]
butanoyl }pyrrolidin-2-y1]-1H-imidazol-5-y1} -1-benzo-
furan-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-1-yl]-
1-oxobutan-2-yl}carbamate;
methyl{(28)-1-[(28)-2-{5-[4-(5-{2-[(2S)-1-{(28)-2-
[(methoxycarbonyl)amino]-4-
methylpentanoyl }pyrrolidin-2-yl]-1H-imidazol-5-y1} -
1-benzofuran-2-yl)phenyl]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-4-methyl-1-oxopentan-2-
yl}carbamate;
methyl{(2S)-1-[(28)-2-{5-[3-fluoro-4-(5-{2-[(2S)-1-
{(28)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-
1-yl]-3-methyl-1-oxobutan-2-yl }carbamate;
methyl{(1R)-2-[(28)-2-{5-[3-fluoro-4-(5-{2-[(2S)-1-
{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-
1-yl]-2-0x0-1-phenylethyl } carbamate;
methyl{(2S)-1-[(28)-2-{5-[3-fluoro-4-(5-{2-[(2S)-1-
{(28)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-
1-yl]-3-methyl-1-oxobutan-2-yl }carbamate;
methyl{(2S)-1-[(2S8)-2-{5-[2-(2,6-difluoro-4-{2-[(2S)-1-
{(28)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-5-
yl}phenyl)-1-benzofuran-5-y1]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate;
methyl{(1R)-2-[(2S)-2-{5-[3-methoxy-4-(5-{2-[(2S)-1-
{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-
1-yl]-2-0x0-1-phenylethyl }carbamate;
methyl{(2S)-1-[(2S)-2-{5-[2-(2-chloro-4-{2-[(2S)-1-
{(28)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-4-
yl}phenyl)-1-benzofuran-5-y1]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate;
methyl{(1R)-2-[(28)-2-{4-[3-cyano-4-(5-{2-[(2S)-1-
{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl }pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-
1-yl]-2-0x0-1-phenylethyl }carbamate;
methyl{(28)-1-[(28)-2-{5-[2-(4-{2-[(2S)-1-{(28)-2-
[(methoxycarbonyl)amino]-3-
methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-4-y1}-2-
methylphenyl)-1-benzofuran-5-yl]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-
yl}carbamate;
methyl[(1S)-2-[(2S)-2-(5-{3-fluoro-4-[5-(2-{(2S)-1-
[(28)-2-[(methoxycarbonyl)amino]-2-(tetrahydro-2H-
pyran-4-yl)acetyl]pyrrolidin-2-yl }-1H-imidazol-5-y1)
-1-benzofuran-2-yl]phenyl}-1H-imidazol-2-yl)pyrroli-
din-1-yl]-2-0x0  -1-(tetrahydro-2H-pyran-4-yl)ethyl]
carbamate; and
methyl{(2S)-1-[(28)-2-{4-[3-fluoro-4-(5-{2-[(2S)-1-
{(2R)-2-[(methoxycarbonyl)amino]-2-
phenylacetyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-
1-yl]-3-methyl-1-oxobutan-2-yl }carbamate.
12. A compound according to claim 1, chosen from the
group consisting of:
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methyl{(25)-1-[(28)-2-{5-[4-(5-{2-[(2S)-1-{(28)-2- methyl{(2S  )-1-[(2S)-2-{5-[2-(2-chloro-4-{2-[(2S)-1-
[(methoxy-carbonyl)amino]-3- {(28)-2-[(methoxycarbonyl)amino]-3-
methylbutanoyl }pyrrolidin-2-y1]-1H-imidazol-5-y1}-1- methylbutanoyl}pyrrolidin-2-yl]-1H-imidazol-4-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1 }pyrrolidin- yl}phenyl)-1-benzofuran-5-yl]-1H-imidazol-2-

yl}pyrrolidin-1-yl]-3-methyl-1-oxobutan-2-

1-yl]-3-methyl-1-oxobutan-2-yl}carbamate; 5 I} carbamate:
methyl{(2R)-1-{(28)-2-{5-[2-(4-{2-[(25)-1-{@2R)-2- methy1{(1R).2:] (25)-2-{4-[3-cyano-4-(5-{2[(2S)- 1
[(methoxycarbonyl)am?n.o] -3- o {(2R)-2-[(methoxycarbonyl)amino]-2-
methylbutanoyl}pyrrolidin-2-yl]-1H-imidazol-5- phenylacetyl}pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
yl}phenyl)-1-benzofuran-5-yl]-1H-imidazol-2- benzofuran-2-yl)phenyl]-1H-imidazol-2-y1}pyrrolidin-
yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2- 10 1-yl]-2-0x0-1-phenylethyl }carbamate; and
yl}carbamate; methyl{(28)-1-[(28)-2-{5-[2-(4-{2-[(2S)-1-{(28)-2-
methyl{(28)-1-[(28)-2-{5-[4-(5-{2-[(28)-1-{(25)-2- [(methoxycarbonyl)amino]-3-

methylbutanoyl}pyrrolidin-2-y1]-1H-imidazol-4-y1}-2-
methylphenyl)-1-benzofuran-5-yl]-1H-imidazol-2-
yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2-

[(methoxycarbonyl)amino]-4-
methylpentanoyl}pyrrolidin-2-y1]-1H-imidazol-5-y1} -
1-benzofuran-2-yl)phenyl]-1H-imidazol-2- ]
yl}pyrrolidin-1-y1]-4-methyl-1-oxopentan-2- vl }carbamate, and
yllcarbamate; pharmalfeutlcally acieptable salts thereof. "
y 13. A pharmaceutical composition comprising an effective

thyl{(2S)-1-[(2S)-2-{5-[3-fluoro-4-(5-{2-[(2S)-1-

methyl{(28)-1-((28)-2-{5-[3-fluoro-4-(5-{2-[2S) amount of the compound according to claim 1, and a phar-

2S)-2- th bonyl)amino]-3-
{(28)-2-[(methoxycarbonyDamino] 20" maceutically acceptable carrier.

methylbutanoyl }pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-

S e 14. The pharmaceutical composition according to claim
benzofuran-2-yl)phenyl]-1H-imidazol-2-yl }pyrrolidin- p - P . g
1-y1]-3-methyl-1-oxobutan-2-yl}carbamat e}; 13, further comprising a second therapeutic agent selected

1. h f5[2. A5 . R from the group consisting of HCV antiviral agents, immuno-
methy{(28)-1-[(28)-2-{5-[3-fluoro-4-(5-{2-[(28)-1 modulators, and anti-infective agents.
15. The pharmaceutical composition according to claim
13, further comprising a second therapeutic agent selected
from the group consisting of HCV protease inhibitors and

{(28)-2-[(methoxycarbonyl)amino]-3- 25
methylbutanoyl }pyrrolidin-2-y1]-1H-imidazol-5-y1}-1-
benzofuran-2-yl)phenyl]-1H-imidazol-2-y1 }pyrrolidin-
1-y1]-3-methyl-1-oxobutan-2-yl}carbamate; o
meth};l{(2S)-l-%](28)-2-{5-[2-(2,}6/-}(>1iﬂu0r0-4-{2-[(2S)-l- HCV NSSB polymerase inhibitors. ,
{(2S)-2-[(methoxycarbonyl)amino]-3- % 16. A method of treating a patient infected with HCV
methylbutanoyl} pyrrolidin-2-y1]-1 H-imidazol-5- comprising the step of administering an amount of the com-
yl}phenyl)-1-benzofuran-5-yl]-1H-imidazol-2- pound according to claim 1 effective to treat infection by

yl}pyrrolidin-1-y1]-3-methyl-1-oxobutan-2- HCV in a subject in need thereof.
yl}carbamate; * % % % %



